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PREFACE 


Fifteen years have passed since the initial publication of the five-volumed 
course dealing with basic principles of television. During these years we have 
seen extraordinary social and technological changes, ones which are now 
touching all aspects of our society. It seems more than likely that in the future 
these changes will evolve at an even more rapid rate. The world of the twenty- 
first century will be as different from that of today as our present world is from 
that which existed prior to the industrial revolution. 


With each passing day we witness developments that are continually breaking 
with the past. In this last decade alone, we have moved from jet travel to space 
travel, from limitations of travel within the atmosphere of earth to the ca- 
pacity to probe Mars and beyond. Electronics, too, has progressed with similar 
speed. Color television, facsimile, computers, transistors, and LSI memories 
are all recent products. 


The present six-volumed course represents substantial modifications of the 
original basic television programs. In addition, particular emphasis has been 
given to the development of color TV and the introduction of new solid-state 
approaches. The heavily illustrated format adapted throughout the initial 
volumes has been retained. The combination of text and illustrations has been 
chosen in order to place particula: emphasis on essential materials, and, in ad- 
dition, review sections are interspersed throughout each volume in an effort to 
capsulize major points covered in the body of the text. As a result, the overall 
visual approach and programmed sequence coverage is comprehensive, from 
the creation of the television image in the studio to its appearance on the home 
screen, and presupposes only a knowledge of basic electronics. 


The author wishes to acknowledge the substantial contributions of Messrs. 
Harvey Pollack, Charles J. Anderson, Jr., Fred R. Kulis, and Anthony S. 
Santonelli in the updating of these volumes. 


Alexander Schure 


Old Westbury, New York 
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Synchronization—Vertical and Horizontal 


Synchronizing the Picture 


We have already discussed the system which controls the frequency of the 
horizontal sweep oscillator. We might mention that the horizontal sweep os- 
cillator is the source of the voltage which eventually results in horizontal 
deflection currents that flow in the horizontal winding of the deflection yoke. 


We also related the horizontal scanning lines developed on the picture tube 
screen to the frequency of the horizontal sweep oscillator. The horizontal 
sweep oscillator functions at 15,750 Hz and is kept on this frequency by the 
horizontal synchronizing signal from the transmitter. These pulses appear 
within the horizontal blanking intervals and are compared with the signal 
generated by the horizontal sweep oscillator. The result of the comparison is a 
frequency-controlling voltage which fixes the frequency of the horizontal 
sweep oscillator. 


Control of the horizontal sweep oscillator is only one of the operations 
necessary for the reproduction of a televised image on the screen of a receiver 
picture tube. It is necessary to control the vertical movement of the electron 
beam in the picture tube with equal accuracy. This is accomplished by a spe- 
cial 60-Hz voltage generated in the receiver. 


Control of the frequency of the currents that flow in the horizontal and 
vertical deflection windings of the deflection yoke (the currents which move 
the beam of the picture tube vertically and horizontally) is very important 
indeed. But this is not the whole story. The beam in the picture tube must 
move across the screen surface in perfect step with the beam in the camera 
tube at the studio. Moment by moment the relative positions of these two 
beams on the picture tube screen and on the camera tube mosaic, respectively, 
must be the same. 


Synchronization consists of conto | 


end the 


horizontal 
oscillator 


4-1 


Synchronization—Vertical and Horizontal 
Synchronizing the Picture (cont'd) 


Synchronization of the picture, therefore, involves not just the accurate con- 
trol of the horizontal and vertical sweep oscillators, or the two blanking ac- 
tions, but also the correct timing between the start of the horizontal sweep and 
retrace—and the start of the vertical sweep and retrace—in the picture tube 
and in the camera tube. 


If these two actions are not synchronized, the reproduced image of the tele- 
vised scene becomes unintelligible. Here are several examples of the results of 
incorrect picture synchronization. When both horizontal and vertical sweep 
oscillators are off frequency, the picture is virtually unrecognizable. Even 
when only one of the two sweep oscillators is unsynchronized the picture 
remains virtually useless. 


All the imperfectly synchronized examples have one thing in common—the 
positioning of the electron beam on the picture tube screen does not conform 
with the positioning of the scanning beam on the camera tube mosaic moment 
by moment. To position this beam, the sweep oscillators in the receiver must 
be placed under the control of the horizontal and vertical sync pulses 


generated in the transmitter and radiated to the receiver as a part of the tele- 
vision signal. 


Vertical Syne Horizontal Syne 


Horizontal 
and 
Vertical Sync 
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Vertical Sync Pulse 


Vertical Deflection Control Signals 


i» 


VERTICAL HORIZONTAL 
ARE 
JUST 
AS 
CRITICAL 
A 


Refer for a moment to the scanning principles you studied in Volume 1. You'll 
recall that the control of the vertical motion of the picture tube beam—the 
scan from the top of the tube screen to the bottom, and the vertical retrace 
which returns the beam to the top—is just as critical as the horizontal motion. 
The downward motion of the beam must start at a precise moment relative to 
the horizontal motion. The fuli excursion of the picture tube beam in the 
downward direction for a field must be completed within a prescribed time in- 
terval, specifically іп 15,500 usec (microseconds). The retrace action must take 
place in 1167 psec. 


If we allowed the beam to form luminous lines on the screen while the vertical 
retrace was active it would impair the picture. Hence, vertical blanking is re- 
quired during the retrace. This action too must begin at a certain moment and 
end ata certain moment, with about 1250 psec being allowed for its duration. 
The mere statement that the vertical sweep frequency is 60 Hz and that a 
vertical sweep cycle is completed in 1/60 sec does not really tell what happens 
in this time interval. 


As a matter of fact, if we reexamine the organization of the two fields which 
form a frame, we note several details that are very pertinent to the timing rela- 
tionship between the vertical and the horizontal sweep actions. We are refer- 
ring to the dissimilarity at the beginning and the ends of the two fields. In one 
case the field starts with a whole horizontal line, with its beginning point at the 
left top of the screen, and ends with a horizontal half line at the bottom of the 
screen. 


The next field starts with a horizontal half line, with its beginning at the mid- 
dle of the top and ends with a whole line at the right bottom of the screen. 
While it is true that each field consists of 262.5 lines, the starting points for the 
vertical and horizontal beam deflection at the top of the screen are unlike in 
the two fields, as are the completion points of the deflection action for the two 
fields. 
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Vertical Sync Pulse 


Vertical Deflection Control Signals (cont'd) 


There is, therefore, present in each field an actual difference in the moment 
when the horizontal sweep oscillator trace comes out of blanking and reap- 
pears on the screen. It is triggered 525 times every two fields, each time pro- 
ducing a whole horizontal line (63.5 usec long) which corresponds to a fre- 
quency of 15,750 Hz. Once in each field, however, the horizontal trace must 
produce a half line, and the time occupied by this half line on the screen is 
about 31.75 usec. 
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Vertical blanking pulse interval 
usually 1250 psec during which 
time the beam advances from 
the bottom to the top edge of 
the screen 


Time 


1 
Verticol blanking pulse 
begins here-while beam 
is ot bottom edge of 
Jube screen 


П 
1 
П 
П 
Ц 
I 


Vertical Blanking- 
Fields слабио ta kalf and full Linea 
—__= 


In addition, it is necessary that the horizontal lines of each field in a frame be 
correctly interlaced throughout the entire frame. Therefore, the triggering of 
the horizontal and the vertical sweep oscillators must occur at just the mo- 
ments (relative to the vertical deflection) that the odd and even lines of the 
two frame fields are equally spaced despite the difference in the starting and 
ending points of each field of the frame. All of this is taken care of by special 
sync pulses to be described later. 


Thus, the pulses related to the control of the beam's vertical motion are called 
the vertical sync pulses, derived from the received signal. The blanking of the 
electron beam during vertical retrace is the function of the vertical blanking 
pulse, also derived from the received signal. The equalization of the difference 
in timing created by the half lines in each field is taken care of by equalizing 
pulses. All of these control pulses will now be explained. 
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Vertical Sync Pulse 


The Vertical Blanking Pulse 


We have learned that at the completion of a horizontal scanning line, there 
occurs a horizontal blanking interval during which. the tube is “blacked out.” 
The horizontal retrace occurs during this period. Hence, it does not appear as a 
visible line on the screen. 
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To be entirely correct in our statement, we show the duration of the horizontal 
blanking period as it really exists. It blanks the beam just before it reaches the 
limit of its travel under the influence of the horizontal deflection field, and also 
blanks the beam for a period at the start of the next horizontal line. This ac- 
counts for the fact that the visible portion of the horizontal scanning line is 
only 53.5 usec, whereas the actual horizontal line interval is 63.5 usec. Picture 
information is transmitted only during the time period of 53.5 psec. As may be 
seen, 10 psec of the full horizontal scanning time are taken up by the hori- 
zontal blanking. 


The same action occurs with the vertical trace and retrace. Theoretically, 
when the last horizontal line of a field has been scanned, and the vertical 
retrace is supposed to start, the beam is blanked out by the vertical blanking 
pulse. This gives the beam the opportunity to return to the top of the tube 
screen without producing visible retrace lines. 
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Vertical Sync Pulse 
The Vertical Blanking Pulse (cont'd) 


One of the factors we learned was that the last scanned line in a field may bea 
whole line or a half line. To explain the action taking place under the influence 
of the vertical sweep control voltages, we may select either of these fields as an 
example. Arbitrarily, we choose the field which ends in a whole horizontal line. 
Here is the waveform representation of this condition. 


Point а is the beginning of the horizontal blanking pulse for the next to the last 
line scanned. Points b-c represent the horizontal syne pulse and d is the end of 
the horizontal blanking period. Picture information is transmitted until point 
e. This point corresponds to the end of the field, and can be considered as the 
starting point for the vertical blanking pulse for the field in question. 
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Vertical Sync Pulse 


The Vertical Blanking Pulse (cont'd) 


Actually, point e is the start of the vertical retrace period, and the vertical 
blanking interval may start earlier than the completion of the last horizontal 
line. For the moment we may consider that the start of vertical blanking coin- 
cides with the end of the last line. 


If we show the presence of the vertical blanking pulse in relation to the end of 
one field and the beginning of the next—that is, the completion of the bottom 
line of one field and the first line of the next field—we have this: 


+ Amplitude 
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The Vertical Blanking Pulse Between Fields 


The blanking pulse interval allowed by FCC regulations can be from a low of 
833 usec to a maximum) of 1330 psec. The tolerance is allowed because all 
signal generating equipment must be permitted some frequency variation. Al- 
though we speak here in terms of time duration, this term has its equivalent in 
frequency. An average period for the vertical pulse is about 1250 psec. The 
shorter the pulse duration (within the limits stated), the greater the coinci- 
dence between its starting time and the end of the last horizontal line. 
Likewise, its “unblanking” approaches coincidence more closely with the start 
of the first horizontal line in the next field. 


The amplitude of the vertical blanking pulse is the same as that of the hori- 
zontal blanking pulse. Hence, the tube is driven into the "black" region and 
the screen does not show the beam motion. 
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Vertical Sync Pulse 
Vertical Retrace 


It might be well to repeat that the motion of the beam during vertical retrace 
within the vertical blanking time is not a single surge upward in a straight line. 


Motion of Beam During Vertical Retrace 


The beam starts upward, but the horizontal deflection voltages force the beam 
to describe a side-to-side motion between the left and right edges of the 
screen. In most modern receivers this motion cannot be followed on the screen 
because of the effective vertical retrace blanking. But in some of the older 


receivers the vertical retrace lines become visible if the brightness control is 
advanced too far. 


The,production of vertical retrace lines is the result of improper grid bias on 
the picture tube. Normally, the retrace lines are invisible since they occur 
during the vertical blanking period. Since this represents the so-called black 
area of the picture tube, the retrace lines occur during the time that the picture 
tube is cut off. However, it frequently happens that the bias on the picture 
tube is not large enough. This can be caused by some component in the grid- 
cathode circuit becoming defective or by having the brightness control on the 
television receiver set for excessive brightness. In either case the retrace lines 
can become visible and the familiar back and forth motion of the picture tu 

beam can be seen as it moves from the bottom of the picture to the top. As €*- 


plained later, special circuits have been designed to eliminate this sometimes 
annóying effect. 
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Vertical Sync Pulse 


The Vertical Sync Pulse 


The vertical sync pulse uses the vertical blanking pulse for its pedestal, just as 
the horizontal sync pulse rides on top of the horizontal blanking pulse. Once 
during every field the vertical sweep oscillator is fed a series of six successive 
triggering pulses which have the effect of a single 190-рѕес pulse. The level of 
these pulses is the same as the blacker-than-black horizontal sync pulses. 


+ Altus |І 
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This illustration shows the overall duration rather than the technical 
representation of the pulse; the discrepancy will be dealt with later. We might 
mention, however, that it has to do with the omission of the pulses required to 
maintain horizontal synchronization during the vertical sync pulse interval. 


Another point of interest is the location of the leading edge c of the sync pulse 
relative to the leading edge b of the blanking pulse. It is shown as appearing 
some time after the start of the blanking pulse. Bearing in mind that the 
blanking pulse duration may vary somewhat, it is important to remember that 
the moment of triggering the vertical sweep oscillator remains fixed at the 
transmitter, regardless of the duration of the vertical blanking pul isi 
true for both fields of each frame. 
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Vertical Sync Pulse 


The Serrations in the Vertical Sync Pulse 


+ Amplitude 


>| 
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Vertical sync pulse is 27.4 рѕес with 4.5- 
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— Amplitude These edges synchronize 


the horizontal oscillator 


Continuous horizontal synchronization during the vertical sweep interval re- 
quires that the shape of the vertica! sync pulse be modified. Its overall time- 
duration is held at 190 psec, but to provide synchronizing pulses for the hori- 
zontal sweep oscillator the vertical pulse is divided into six equal pulses, eac! 
slightly more than 27 psec in duration. A better way to describe this 
modification of the vertical sync pulse is to say that it is serrated. 


These notches or serrations serve two functions. As six pulses which follow 
each other in comparatively rapid succession, they ultimately act on the 
vertical sweep oscillator as a single triggering pulse. This comes about as the 
result of another action called "integration" which will be explained shortly. 
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Vertical Sync Pulse 


The Serrations in the Vertical Sync Pulse (cont'd) 


These same serrations provide alternate pulses which control the horizontal 
sweep oscillator frequency. The alternate pulses are produced when the 
vertical pulse is divided into 6 equal parts each having a time duration equal to 
half a horizontal line. The leading edges of pulses 1, 3, and 5 synchronize the 
horizontal oscillator during the vertical retrace period when the field ends in a 
complete horizontal line. With each serrated pulse having a duration of 27.4 
usec, and with the spacing between serrations being 4.44 psec, each pair of 
pulses corresponds to the time of a horizontal line, i-e., (2 x 27.4) + (2x 4.44), 
approximately 63.5 psec. 


In view of what follows later in this book, it is well to call attention to certain 
conditions which may not have been indicated by the time intervals of the 
vertical sync pulse serrations. Note that the duration of the individual pulses is 
long compared with the interval between them. This permits the use of these 
pulses to accumulate a charge in a capacitor until it reaches the level required 
to trigger the vertical sweep oscillator. 


Last Equalizing Serrated Equalizing Horizontal 
Horizontal Pulses Vertical Pulses Pulses 
Pulse Pulses 


Bottom of picture 


Voltage build-up ` 
across integrating 
capacitor c 
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trigger blocking, oscillator 


Horizontal and Equalizing Pulses 
The Equalizing Pulses 


Although we have seen how the vertical sync pulse is serrated- to provide 
signals for horizontal synchronization during the vertical sync pulse interval, 
we must still consider the remainder of the time embraced by the vertical 
blanking interval. Somehow horizontal synchronization must be maintained 
during the entire vertical blanking interval for each field. 


To achieve this synchronization, two sets of six pulses each are added, one set 
of six appearing before the start of the vertical sync pulse, and one set of six ap- 
pearing after the conclusion of the vertical sync pulse interval, Later on we 


will show additional pulses, but for the present we will speak about these two 
sets of six pulses each. 


+ Amplitude 
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These pulses are called equalizing pulses. Although they are shown for the one 
field which ends in a whole horizontal line, their accurate picturization woul 1 
be only slightly different for the other field. Therefore, the following genera 


comments are applicable to the equalizing pulses used for both fields of а 
rame. 


One other point must be made. While the equalizing pulses appear among the 
У signal waveforms embraced by the vertical retrace interval, they also are ap- 
^ plied to the horizontal synchronizing system during the vertical retrace period. 
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Horizontal and Equalizing Pulses 


The Equalizing Pulses (cont'd) 
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Six equalizing pulses appear between the start of the vertical blanking period 
and the start of the vertical sync pulse, and six more follow the vertical sync 
pulse. But unlike the serrations of the vertical sync pulse, the equalizing pulses 
are of short duration and have comparatively long intervals between them. 


Each equalizing pulse has a duration of slightly more than 2.5 psec and an in- 
terval between of slightly more than 29 џзес. From the leading edge of one 
pulse to the other the interval is substantially 31.5 usec or equal to a half hori- 
zontal line. Therefore, two such pulses amount in time to a whole horizontal 


line. 


Whether we start with the leading edge of pulse 1 and measure time to the 
leading edge of pulse 3, or similar points between pulses 3 and 5, and from 5 to 
the leading edge of the first vertical serration, or between pulses 2 and 4, 4 and 
6, the time lapse always corresponds to approximately the 63.5 psec of a whole 
horizontal line. In this respect the time represented by these pulses is like the 
time represented by the serrations of the vertical sync pulse. This point is being 
made to show that if the equalizing pulses get to the horizontal synchronizing 
system—which they do—the leading edges of the appropriate pulses can help 
keep the horizontal sweep oscillator on frequency (in sync). 
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Horizontal and Equalizing Pulses 
Functions of the Equalizing Pulses 


Two functions can be ascribed to the equalizing pulses. First of all, they per- 
form horizontal synchronization during that portion of the vertical blanking 
interval occupied by the equalizing pulses. 


In the case of the field that ends with the whole horizontal line, the horizontal 
synchronization is done by the leading edges of the odd numbered equalizing 
and vertical sync pulse serrations, whereas in the field which ends with a half 
horizontal line, the leading edges of the even-numbered equalizing and 
vertical sync pulses perform the horizontal synchronization. 
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Horizontal and Equalizing Pulses 


The Horizontal Sync Pulses During Vertical Retrace 
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The time interval embraced by the six equalizing pulses ahead of the vertical 
sync pulse, and the six equalizing pulses after the sync pulse amounts to ap- 
proximately З x 190 psec or 570 psec. With 63.5 psec required for each hori- 
zontal line this time-lapse totals about 9 lines. But we know that the vertical 
retrace interval in practice amounts to about 1160 psec. This leaves about 9.5 
horizontal lines of time within the vertical retrace interval for which we have 
not shown any means for horizontal synchronization. 


Horizontal synchronization is available in the form of a train of regular hori- 
zontal syne pulses which follow the second set of equalizing pulses. The 
number of these horizontal sync pulses which fill out the vertical retrace in- 
terval depends on the time allowed for the latter. Because of the tolerance 
allowed in the system, there may be as few as 9 such pulses, and there may be 
as many as 13. The exact figure is unimportant, as long as we understand that 
these pulses continue keeping the horizontal sweep oscillator on frequency 
while the beam is climbing its zig-zag path towards the top of the tube screen. 


It is interesting to note that, in practice, the vertical blanking interval is 
sufficiently long so that it blanks out about 10-15 horizontal lines at the top of 
the screen and about 4-5 lines at the bottom of the screen. Even so, the 
vertical and horizontal synchronization is essential to proper interlacing, 
maximum resolution, and high stability. 
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Horizontal and Equalizing Pulses 
A Simple Experiment 


The explanation we have just given of the events occurring during the vertical 
blanking interval suggests an interesting, simple experiment. 


In many receivers, one of the front panel knobs is a vertical hold control. By 
turning this knob slightly from its regular setting, the picture can be made to 
roll slowly upwards—or downwards—so that the lower and upper half of the 
picture, separated by a horizontal bar, can be seen and stopped momentarily. 
The upper part is the lower half of the image, and what lies below the dark 
horizontal bar is actually the upper half of the image. 


If we turn up the brightness control we can see that the horizontal bar be- 
tween the picture halves is not uniformly dark, but contains a definite pattern. 
The vertical blanking level shows up as a dingy gray. The sync peak level, 
being more negative, shows up black. The sharper the focus the easier it is to 
see the blanking-bar pattern. 


The vertical blanking interval begins after the last horizontal line of the visible 
picture has been scanned, and is darker than the darkest part of the image 


background. The equalizing pulses’ signal level extends into the blacker-than- 
black region and so appears blackest on the screen. 


Since there are six equalizing pulses before the arrival of the serrated vertical 
sync pulse, the distance down from the top of the "hammer" represents the 
depth of three horizontal lines. Since the equalizing pulses occur at half-line 


intervals, the six equalizing pulses tick off three horizontal sweeps of the scan- 
ning beam. 


The result of a slight readjustment 
of the vertical hold control 


Lower half 
of picture 


Upper half 
of picture 


Horizontal and Equalizing Pulses 


A Simple Experiment (cont'd) 
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Full line between los! equalizing pulse 
ond first horizontal sync pulse 


e • o as seen on the picture tube screen 


Since the width of each serration in the vertical sync pulse is greater than the 
width of each equalizing pulse, the blackening effect of these serrations oc- 
cupies a greater width. As a matter of fact, each of these serrations occupies 
almost the entire width of half a line, with just a small break where the signal 
moves to the blanking level. The brighter effect of this small break is shown in 
the diagram. With the arrival of the next serration, the remainder of the hori- 
zontal line after the break is again black, and extends to the right-hand end of 
the screen. 


When the last of the vertical serrations has passed, a second set of equalizing 
pulses follows. We should then expect the small black rectangle to appear 
underneath the broken horizontal bar of the serrations, as indeed it does. 
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Horizontal and Equalizing Pulses 
Processing the Sync Signals 


We already know the picture tube converts the picture part of the composite 
video signal into light and dark tones on the face ot its screen. The blanking 
signals between picture information intervals, both horizontal and vertical, 
drive the picture tube to cutoff and make the retrace lines invisible. We can 
say, then, that even though the entire composite video signal—picture signal, 
blanking pulses, sync pulses and all—are fed to the picture tibe, only the pic- 
ture signal is seen on the screen. 


The composite video signal is also fed to the sync circuits. Which part of the 
entire composite video signal will they use? We know that the horizontal an 


the vertical oscillators, acting through the deflection yoke, cause the picture 
tube beam to scan over the face of the tube. 


We know also that the two sweep oscillators, although capable of functioning 
by themselves, cannot act in synchronism with the transmitting te 
camera unless they are triggered by the sync pulses contained in the composite 
video signal. Since the oscillators require only the sync pulses for contro’, 


there is no need for the rest of the composite video signal to appear in the syn¢ 
circuits at all. 


The Syne Clipper E 


removes syne pulses ftom composite video signal 
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| Discarded blanking and video signals 
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Review 


1. Synchronization of the .Picture 
involves the accurate control of the 
horizontal and vertical sweep os- 
cillators, the two blanking actions, 
and the correct timing between the 
start of the horizontal sweep and 
retrace. It also involves the start of 
the vertical sweep and retrace in the 
picture tube and the camera tube. 


Worizeatal Blanhiag With Time Internals 
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8. The Vertical Blanking Pulse. An 
average period for the vertical pulse 
is about 1250 sec. The shorter the 
pulse duration, the greater the coin- 
cidence between its starting time 
and the end of the last horizontal 
line. 


hmcitsór 


“Vertical syne pulse 
LE 


= атое These edges syncivonize 


the horizontal oscillator 


Vertical Sync 


Horizontal Sync 


2. The Horizontal Retrace occurs 
during the horizontal blanking in- 
terval. The horizontal blanking pe- 
riod blanks the beam. 10 usec of the 
full- horizontal scanning time is 
taken up by the horizontal blanking. 
This accounts for the fact that the 
visible portion of the horizontal 
scanning line is only 53 sec. 
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4. The Serrations in the Vertical 
Sync Pulse. The overall time-du- 
ration of the vertical sync pulse is 
held at 190 psec. To provide sync 
pulses for the horizontal sweep os- 
cillator the vertical pulse is divided 
into six equal pulses each slightly 
more than 27 psec in duration. We 
say that the vertical pulse is ser- 
rated. 


Review 


Amplitude. 


6. Functions of the Equalizing 
Pulses. The equalizing pulses 
perform horizontal synchronization 
during. the portion of the vertical 
blanking interval occupied by the 
equalizing pulses. The equalizing 
pulses also trigger the vertical sweep 
oscillator at the same instant for 


each field. 


Horizontal Lines 
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8. A Simple Experiment. In many 
receivers, one of the front panel 
knobs is a vertical hold control. By 
turning this knob slightly from its 
regular setting, the picture can be 
made to roll slowly upward—or 
downward. The upper part is the 
lower half of the image, and what 
lies below the dark horizontal bar is 
actually the upper half of the image. 
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5. The Equalizing Pulses. The 
vertical sync pulse is serrated to 
provide signals for horizontal sync 
during the vertical sync pulse in- 
terval. To maintain horizontal sync 
during the vertical interval, for each 
field two sets of six pulses each are 
added, one set of six before the start, 
and one set of six after the con- 
clusion of the vertical sync pulse in- 
terval. 


cid horizontal тупе of beginning ond end of vertical blonking 
rq 


trigger vertical sweep oscillator 


S 
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т. The Horizontal Sync Pulses 
during Vertical Retrace. Horizontal 
synchronization is available in the 
form of a train of regular horizonta 
syne pulses which follows the 
second set of equalizing pulses. The 
number of these horizontal sync 


i, pulses which fill out the vertical 


retrace interval depends on the tim? 


rumen Pens re enia. ensi allowed to the latter. 


The result of а slight readjustment 
of the vertical hold control 
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The Sync Clipper—or Separator 


If only the sync pulses are needed in the sync circuits, there must be some ar- 
rangement which removes the sync pulses from the composite video signal, 
and discards the remainder of the signal. Such action is called sync clipping or 
sync separation. 


The stage which performs this function is called the sync clipper or sync sepa- 
rator and the block diagram shows what its output signals look like for a 
typical input. The output signal is made up of the same sync pulses that were 
sitting on top of the pedestals of the input signal, but the pulses appearing in 
the output signal are inverted. This, of course, is the familiar phase inversion 
behavior of a single stage of amplification. The sync clipper also serves as an 
amplifier. 


The sync clipper clips the sync peaks off the composite video signal in some- 
what the same way as a gardener might clip the tops of a hedge. He establishes 
a line that he visualizes as the "clipping level," and clips down to that line but 
no further. We get all the sync pulses at the same level by establishing a ‘‘clip- 
ping level" in the stage. Coupling is usually arranged between the output cir- 
cuit of the video amplifier and the input to the sync clipper. 


The function of the Syne Clipper 
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input and output signals 
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Output sync pulses 


Syne Clipper 


Loss of DC Component 


Note the change 
of pedestal level 
relative to zero 


+ Amplitude 


THE UNEVEN LEVEL OF BLANKING AND 
SYNC AS A RESULT OF THE LOSS OF DC 
— Amplitude 


A voltage (made up of composite video plus dc) is developed across the load 
resistor of the video amplifier and it is this voltage which is to be coupled to rie 
sync clipper through an RC coupling necwork. However, because. the m 
pacitor in the RC network blocks dc, the dc component of the composite а 
signal is lost, and the sync and blanking pulses in the signal are not maintal 

at the same level. 


If a signal like this were fed to the clipper, the latter would not be able F A 
termine the proper clipping level. For the first pulse, we would have to 5€ | 
clipper so that it will remove the sync pulse above level A. For the egle 
pulse we would have to set it at level B, and so on. The solution to the W а 50 
problem is to use some circuit to restore the dc component to the signal anand 
get all the sync pulses at the same level. We don’t have to go very far to 
such a circuit. A diode clamper will do the job. 
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Sync Clipper 


Loss of DC Component (cont'd) 


However, a separate diode is not required. Instead, the grid-cathode circuit of 
a vacuum tube or the base-emitter circuit of a transistor can be made to 
operate as a diode to accomplish clamping. To understand how that is 
possible, let's first analyze the operation of diode clampers. 


x 


AM M $ 
со XE —] 


Grid-to-Cathode Circuit Base-to-Cathode Circuit 


Can Work Like : SE Can Work Like 
Diode Circuit d Diode Circuit 


Sync Clipper 


The Diode Clamper 


When the anode of the vacuum tube or solid-state diode clamper is grounded, 
the result is called positive clamping. If the anode is made positive with 
respect to the cathode or the cathode is made negative with respect to the 
anode, current will flow through the diode. Thus in the grounded-plate diode 
clamper shown, the diode will act as an open circuit during the positive al- 
ternations of the input signal. The negative alternations will cause diode cur- 
rent to flow. At maximum negative alternation, there will be maximum current 
flow through the diode causing it to act as a virtual short circuit. Thus, the 
maximum negative swing of the input signal is effectively placed at ground 
potential. We can see from this that with the input signal shown, the output 
waveform will vary from ground to some positive value. 


Now we can reverse the diode clamper by grounding the cathode. In the dia- 
gram shown, the output waveform will vary between some negative value and 
ground. This is caused by the fact that the maximum positive alternation of the 
input signal will cause heavy conduction and thus place the plate at ground 
potential. For all negative alternations, the diode acts as an open circuit and 
the output will be negative with respect to ground. The overall effect of these 
circuits is to place the sync peaks at a constant level so they can be processed 
by the sync clipper. 
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Sync Clipper 


Developing the Clipper Circuit (Grid Clamping) 


From what we know about the behavior of a tube with one or more grids, we 
can say that the combination of control grid and cathode of such a tube could 
be used as a diode. If the signal applied to the control grid swings positive with 
respect to cathode, the grid draws current; when the signal swings negative, no 
current is drawn. This is exactly the way the diode works. What we can do, 
then, is to use the cathode and control grid of a triode or pentode as the diode 
for our clamper circuit. 


sr USING THE CONTROL GRID AND È 

È CATHODE OF A TUBE AS A DIODE CLAMPER ha 
O ae 

+ | — charge 


discharge 


If this schematic is compared to that of Reversing the Diode Clamper, the two 
are found to be exactly the same, the only difference being the type of tube in- 
volved. It follows, then, that the voltage across R in this illustration will also 
be a composite video signal whose sync pulses will all be at the same level. 


Fundamentally, this circuit operates on two separate operations. Initially, 
when any signal that is positive with respect to cathode is applied to the grid, 
the grid will draw current. As current is drawn by the grid, capacitor C acts as a 
short circuit to the charging current, and will charge approximately to the 
peak value of the applied voltage. After the applied voltage has passed its peak 
and begins to decline, the voltage necessary to keep the capacitor charged is 
no longer present and the capacitor begins to discharge through resistor R, de- 
veloping a voltage on the grid side of the resistor that is negative with respect 
to ground. Since the discharge path is a higher resistance than the charge path, 
the discharge is slow, and there will still be some charge remaining when a new 
voltage pulse arrives, again driving the tube into conduction, and the cycle 
starts again. The overall result is to maintain a relatively stable dc bias voltage 
on the grid. - 
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Sync Clipper 


Developing the Clipper Circuit (Base Clamping) 


The figure below shows how NPN transistors provide negative clamping and 
how PNP transistors provide positive clamping. Of course, transistors make 
both types of clamping possible because the emitter-to-base junction in each 
type transistor is reversed from NP in NPN transistors to PN in PNP transistors. 
Notice that it is the NPN transistor that provides negative clamping similar to 
that of the vacuum tube amplifier. When the P-base of the NPN transistor be- 
comes positive with respect to the ground N-emitter, the emitter-base junction 
becomes forward biased and conducts heavily, providing a rapid charge path 
for the coupling capacitor. During the slow discharge path through the re- 
sistor, the P-base becomes negatively clamped, similar to the way it's done in 
vacuum-tube circuits. 


On the other hand, the emitter-base junction of PNP transistors provides us 
with the opposite effects—positive clamping. Notice that the emitter-base 
junction of the transistor conducts only when the N-base becomes nega Ne 
with respect to the grounded emitter. The capacitor charges through the 
base, to the emitter and then to ground. Now when the capacitor begins - 
discharge phase, the path is from ground through the resistor to the capacitor 
Since this discharge path is much slower than the charge path through the 
transistor junction, the RC junction develops and couples a positive charge 79 
the base of the PNP transistor. 
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Sync Clipper 


Completing the Sync Clipper (Vacuum-Tube Type) 


TO VIDEO 
AMPLIFIER 


COMPOSITE VIDEO SIGNAL 
FROM THE OUTPUT OF THE 
VIDEO AMPLIFIER 


The Complete Sync Clipper 


Now that we have seen how the combination of a tube's control grid and its 
cathode works, suppose we fill in the rest of the tube and its circuit. 


If R1 (the same resistor as R in the schematic of the diode clamper) has a rather 
high value of resistance, the dc voltage across it will be correspondingly high, 
and the bias on the tube's control grid may be even more negative than cutoff. 
Assuming that this condition prevails, the plate current that flows through 
output load resistor R2 will have the waveshape illustrated on the next page. 


Here we see how the tube's Ip-Eg characteristic curve can be used to show the 
waveform of the plate current in the syne clipper. The vertical dotted line is 
the bias voltage on the control grid, and since it is the average value of the 
composite video signal, the signal is shown varying around it. Because the bias 


voltage is more negative than cutoff, the dashed line is drawn to the left of the 
cutoff point. 
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Sync Clipper 
Completing the Sync Clipper (Clipping Action) 


We know that any part of the varying control grid signal which is more 
negative than cutoff will produce no plate current. In the diagram above, 
therefore, nothing to the left of the cutoff point appears as plate current, but 


the parts of the composite video signal to the right of cutoff do permit plate 
current flow. 
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The Behavior of the Plate Current of the 
Clipper-Amplifier 


te 
Note that only the sync pulses appear to the right of cutoff, so that the pla 
current waveform is made up of sync pulses only. 


When plate current flows through plate resistor R2 in the schematic, the top of 
the resistor is negative with respect to the bottom end of the resistor. e 
see, then, that the sync pulse peaks which were put on the grid as posit! 
going voltages become negative-going voltages across the load resistor R2- 


c 
Looking carefully at the input waveform again, you will notice that the Nhe 
pulses not only drive the tube out of cut off but also into saturation. At yen 
saturation level the plate current levels off, not increasing any further Y 
though the syne pulse voltage at the grid increases in value. Thus, the pS! 


" t 
Sync pulses at the plate represent an amplified slice from the middle of 
sync pulses driving the grid. 
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Sync Clipper-Amplifier 


Pulse Shaping and Amplifying 


Essentially, the sync clipper-amplifier stage clips a thin slice of the sync pulse 
and then amplifies it by about 50 times. As you noticed in the previous dia- 
gram, the composite video signal negatively clamps the grid so that the signal 
operates mostly in the cutoff region. Actually, the signal input is about 50 V 
peak-to-peak, and about 40 V of that signal is below cutoff. Thus, when the 
input signal establishes the bias voltage, the signal will ride on the dc bias level 
that's about 40 V below cutoff. When the sync pulse arrives at the grid, the 
leading edge of the pulse rises to the cutoff level, quickly driving the tube into 
conduction. The transition from the cutoff to the saturation level is almost 
instantaneous, covering only about a 1-V range. In the saturation range, the 
tube draws grid current which, of course, helps to establish the negative 
clamping action. The tube continues to conduct for the duration of the sync 
pulse, and then, returns toward the cutoff level. 


The clipped portion of the pulse is the only portion of the signal that is 
actually amplified. This thin slice of about 1 V, or less, essentially turns the 
tube on and off, causing the plate voltage to fall from its B+ value almost to 
ground-level voltage. The amplified pulse that results is about 50 V peak-to- 
peak. 
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Sync Clipper-Amplifier 
Pulse Shape 


One of the advantages of clipping the sync pulse this way is that we are able to 
amplify a portion of the sync pulse virtually free of noise that usually rides the 
peak and base levels of the signal. Another advantage is that we can develop a 
sync pulse that has sharp leading and trailing edges. 


How a Badly Shaped Pulse May Cause Poor Syncing 
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The dashed line shows a properly shaped horizontal sync pulse and the ali 
by the very badly shaped horizontal sync pulse. Most oscillators are triggere 
patie leading edge of the sync pulse. For the square pulse, the oscillator trig- 
rd p^ the poorly shaped pulse does not get the oscillator going 
е tl. Since time is ad i А ; КА А n se 
that the distorted is advancing to the right in this illustration, we са! 


pulse triggers the horizontal oscillator later than it is по 
mally supposed to. The result is a picture that will tear. 
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Sync Clipper-Amplifier 


Transistor-Type Sync Clipper-Amplifier 


Transistor-type sync circuits frequently use only one transistor to accomplish 
both syne clipping and amplifying. One major difference from the vacuum- 
tube type is that transistors will usually operate at much lower de supply and 
signal-voltage levels. The highest de voltage in many transistor circuits is 
usually about 12 V. With such low de voltages, you can expect that the input 
and output signals are relatively small compared to those you encounter in 
vacuum-tube circuits. Below are typical values of voltage for the composite 
video signal at the base and collector of transistor sync circuit. Notice that the 
base signal is about 4 V peak-to-peak, from which the transistor clips only 
about 2/10 V from the sync pulse. This clipped portion of the sync puke is 
amplified about fifty times to 10 V peak-to-peak at the collector. Now let's 
analyze how the transistor does this. 


Action In A Transistor 
Clipper-Amplifier 


VEN 


Sync Clipper-Amplifier 
Transistor-Type Sync Clipper-Amplifier (cont'd) 


Generally, sync clipper-amplifier circuits that use NPN transistors have a 
positive-going composite video signal driving the P-base. When the positive 
signal arrives at the base, the PN junction becomes forward biased and will 
cause the transistor to conduct heavily. Since only 2/10 V from the 4-V com- 
posite signal is required to drive the transistor from cutoff to saturation, the 
large, driving voltage causes the transistor to draw base current and charge ca- 
pacitor Cl. Since the forward biased emitter-to-base junction is a low re- 
sistance path, capacitor C1 charges rapidly and remains charged for the du- 
ration of the pulse. At the trailing edge of the pulse, the pulse swings in a 
negative direction, causing capacitor Cl to discharge through resistor R1. This 
discharge path through R1 develops a voltage drop that's negative at the base 
end of the resistor with respect to ground. As the trailing edge of the pulse 
swings in the negative direction, it quickly changes the operation of the 
transistor from saturation to cut-off. Thus, the transistor is essentially turne 

on and off for the period of the sync pulse. This on-off change in the collector 
causes the voltage to swing from about positive 10 V to almost groun 

potential. After the first few sync pulses, the slow discharge of C1 through Rl 


establishes a negative voltage that maintains the transistor deep into the cute 
region. 


RI CHARGE 


DISCHARGE 
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Sync Clipper-Amplifier 


Transistor-Type Sync Clipper-Amplifier (cont'd) 


When the PNP transistor is used as the sync clipper-amplifier, you'll notice 
that a negative composite video signal is fed to the N-type base. You'll also 
notice that the negative signal develops a positive dc bias voltage at the base 
that cuts off the transistor until the negative sync tips arrive. The negative sync 
pulses forward biases the PN emitter-base junction of the PNP transistor into 
conduction, providing a rapid discharge path for Cl. At its trailing edge, the 
sync pulse quickly swings positively, causing C1 to charge slowly through R1. 


This slow charge path establishes a positive dc voltage at the N-base sufficient 
to drive the base deep into cutoff. When the PNP-type transistor is driven from 
cutoff to saturation, the pulses at the collector swing from a negative value to 
the ground potential, forming a series of positive-going sync pulses. 
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Sync Clipper-Amplifier 


Transistor-Type Sync Clipper-Amplifier (Emitter Output) 


Some transistor type sync clipper-amplifiers are designed to develop the sync 
pulses across the emitter resistor. This is done to appropriately match the 
output impedance and to develop output pulses that are in phase with the 
input pulses. Below are examples of NPN and PNP transistors providing an in- 
phase output from the emitter. Notice that the base-circuit configuration is 
essentially the same as the circuits you have just studied: positive signals are 
fed to the P-base of NPN transistors while negative signals are fed to the N- 
base of PNP transistors. When the transistors conduct, current flows through 
the emitter resistor in the direction shown by the solid arrow. Thus, the NPN 
transistor develops positive sync pulses across the emitter, while the PNP 
transistor develops negative sync pulses. 


Sync Clipper-Amplifier 


Cated-Sync Circuits with Noise Cancellation 
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One circuit that you'll encounter in a number of vacuum-tube type sync cir- 
Cuits is the gated-sync circuit, which combines sync separation, amplification, 
noise cancellation, and AGC. The circuit shown here uses a sharp cutoff twin 
Pentode, But notice the unique feature about this tube. Both pentodes use the 
same control grid (pin 2) and screen grid (pin 7). Here's how it works. The bias 
level of grid 2 is set high enough so that the negative sync tips coupled to grid 
2 have almost no effect on the tube's conduction. Grid 2 bias-level is not that 
Positive, however, to prevent the higher value negative noise spikes to reduce 
current in both halves of the tube. Now let us examine grid 9, which is part of 
the sync clipper-amplifier section of the tube. The bias voltage on grid 9 is es- 
tablished through grid clamping action and is sufficiently negative to cut off 


th a i » effects of the common grids, pins 2 and 7. The 
€ tube and to override the e ive and drive the sync 


А А ji : ighly posit 
syne pulses applied to grid 9, however, are highly | у 
separator-amplifier edt dl cutoff and into saturation. Of course, the on-off 
P pulses. But when noise 


action of the tube produces a negative train of syne r 
Spikes E the input video signal, they are a agis both grids? 
and 9. Since control grid 2 has more control on piat conien 5 на. s gri 
9, the negative noise spikes essentially yeep? qoem AT : : 
Positive noise spike at pin 9. The output signa! a! pin 


noise-free sync train. 


4-35 


Sync Clipper-Amplifier 
Transistorized Sync-Amplifier and Noise Cancellor 


The figure below shows how a transistor connected in the emitter circuit of the 
sync separator-amplifier cancels noise. Since the base is returned to B+, the 
noise cancellor circuit Q2 normally conducts heavily. And since 02 is 
saturated, it virtually acts like a shorted path for the emitter circuit of sync-se- 
parator 01. When a noise spike cuts off the noise cancellor, the noise cancellor 
opens the path between Q1 emitter and ground, and thus cuts off the sync se- 
parator. By cutting off Q2 and thus 01, the sync separator is unable to amplify 
the noise spike. Since the bias control reverse biases by clamping the diode D1 
at the peak of sync tips, the normal signal does not find its way to transistor 
Q2. The diode will conduct, however, only when the negative noise spikes rise 
sufficiently high in value to forward bias the diode. At these instances, the 
negative noise spikes cause noise cancellor Q2 to act as a high resistance path 
in the emitter circuit of Q1. With an open emitter, the sync-clipper amplifier 


Q1 cuts off and does not amplify the noise spikes; thus, they are effectively 
cancelled. 
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The Integrator 


Separating the Pulses, The Integrating Circuit 


When the sync pulses—horizontal, equalizing, and vertical—have been built 
up to a good level of strength, they are ready for separation. The sync pulse 
which arrives at the end of every scanned horizontal line must be fed to the 
horizontal oscillator to trigger it into action at the right moment, and the 
vertical pulse arriving at the end of each scanned field must be fed to the 
vertical oscillator. Separating these two types of sync pulses so that each will 
take its designated path is the job of special circuits. The vital circuit in sync se- 
paration—the circuit which actually works to separate the vertical from the 
horizontal pulses— is the integrating circuit. 


The Integrating Circuit 


Vertical Pulses N 


Equalizing Pulses 


We can best begin our explanation of the integrator by saying that it is made 
up of resistors and capacitors, as shown. The output is taken off the last 
capacitor. 


By definition, an integrator is a device which sums up instantaneous values. 
The output voltage is a function of the duration of the input voltage and also 
of its amplitude. In the television receiver the vertical integrator distinguishes 
between vertical and horizontal sync as well as equalizing pulses, and permits 
the vertical sync pulses to build up to a voltage level suitable for triggering the 
vertical sweep oscillator. 
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Integrating Action 


Let us assume a series of sync pulses, all of the same height, but of different 
widths. First we have the horizontal sync pulses, (1-2) of short duration with 
substantial time in between. At the end of a field, the equalizing pulses 3-4-5-6- 
7-8 come along; these too are of short duration. After the first set of equalizing 
pulses comes the broad serrated vertical sync pulse. In the six serrated vertical 
sync pulses, we encounter a different shape—each of the serrations is a wide 
pulse, wider than either horizontal or equalizing pulses. Furthermore, the 
interval between pulses is so short, that the integrator capacitors do not have 
time to discharge too much before the next pulse comes along. Each vertical 
sync pulse provides additional charge. 
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Pulse number 1, at the top of the diagram, is the horizontal sync pulse arriving 
at the end of the next-to-last line in a field. The moment the leading edge it 
this pulse arrives at the integrating circuit, the capacitors in the or an 
accumulate the charge contained in that pulse, as shown in the lower 5С d 
of the drawing. Because the first pulse lasts for only a short time, the chi H 
accumulated is small. Furthermore, there is a fairly long interval bims 
pulse number 1 and pulse number 2. 


б 5 а5 
By the time pulse 2 arrives, then, the charge in the integrating capacitors В 


leaked off. For pulse 2, a new charge is built-up, but it is dissipated before hg 
next pulse in the procession comes along. For each of the thin horizontal aml 
equalizing pulses, then, the charge built up by the integrator circuit is 2 
and is fully dissipated before the first vertical sync pulse comes along. 
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Integrating Action (cont'd) 


Now the serrated vertical syne pulses are applied to the integrator. These 
serrations are all wider than the horizontal or equalizing pulses, the charge 
each contains is greater, and the charge accumulated in the integrator circuit is 
greater. Pulse number 9 is the first of these pulses to reach the integrator 
circuit. It builds up a charge as shown. But the time interval between the 
trailing edge of 9 and the leading edge of 10 is so short, that before the charge 
built up by 9 has a chance to leak off very much, the arrival of pulse 10 adds to 
it. The effect of the whole train of serrations in the vertical sync pulse is to 
build up quite a high charge at the integrator output. 
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What we have just said indicates that the integrator builds only the serrated 
vertical sync pulse up to the triggering voltage. The horizontal and equalizing 
pulse charges have no effect. The very narrow equalizing pulses help dissipate 
any residual charge remaining from the horizontal pulses. This permits the 
buildup of voltage due to the six vertical sync pulses to be the same for each 
field time-wise, and so trigger the vertical oscillator at the same time for each 


field. 


Across collector load resistor R2 appears a signal voltage made up of more or 
less squared, horizontal, equalizing, and vertical sync pulses. Part of this signal 
voltage is fed into the integrating circuit. The remainder of this same output 
signal voltage developed across R2 is fed into the horizontal sweep system 
which will be discussed later. 
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The Vertical Oscillator 


Now we know that the integrator circuit builds the vertical sync pulse into an 
"effective force." But, why? There must be a reason behind this building up 
the vertical sync pulse. Remember what has been said about these sync pulses 
and the reason is clear. The vertical sync pulse triggers the vertical oscillator 
into pulling the scanning beam up and down over the face of the picture tube 
in synchronism with the camera scanning beam at the transmitting station. 
The swollen vertical pulse coming out of the integrator circuit, then, is to be 
applied to the vertical oscillator. 


The Vertical Oscillator 
Provides a 


Our next step in the investigation of the vertical sync circuits of television 


receivers is to see what a vertical oscillator circuit looks like, and to find out 


just how it works. 


If we don’t as yet know how the vertical oscillator circuit is set up, We have 
some idea how it works from Volume 2. The oscillator can be compared toan 
insect trying to climb up the slime-covered wall of a well. Trapped in this wm 
the insect is likely to be persistent. He journeys steadily upwards until, almo Е 
within reach of daylight, he slips dizzily back to where he started; he тереа 
the slow grind towards the top and once more slides swiftly back. 
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The Multivibrator 


There are two general types of relaxation oscillators that are used in the 
vertical sweep system of television receivers. The first type, the multivibrator, 
is used in both vacuum-tube and transistorized televisions; the second type, 
the blocking oscillator, is used primarily in transistorized televisions. Although 
the multivibrator is a stranger to the person familiar only with radio receiver 
circuits, it is actually made up of resistance-capacitance (RC) amplifiers, a very 
common radio receiver circuit. As you will now see, two cascaded RC 
amplifiers, with only very minor modification, form a multivibrator. 


Since the circuit configurations and basic operation of both vacuum-tube-type 
and NPN transistor-type multivibrators are similar, we will discuss them as 
one. Thus, stages A and B, which are identical, may be regarded as either a 
vacuum-tube circuit or a transistor circuit. Stage A input capacitor C1 corre- 
sponds to stage B input capacitor C2; stage A bias resistor R1 corresponds to 
stage B bias resistor R3; and stage A load resistor R2 corresponds to stage B 
load resistor R4. 


Two Resistance-Coupled 


Stages In Cascade 


OUTPUT 
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The Multivibrator (cont'd) 


Feedback in the Multivibrator Circuit 
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STAGE B 


A portion of the 
voltage variation 
present across R4 
is fed back to the 
input of stage A. 


If the input of the stage A receives a positive-going voltage, the top of output 
resistor R2 becomes negative-going. This negative-going voltage is passed on 
to the input of stage B through C2. With a negative-going voltage on the input 
of stage B the top of R4 is positive-going. We can say then that the presence о 
two stages repeats the input phase at the output, i.e. the output is in phase with 
the input. 


Now, let us modify the circuit slightly to couple part of the output of stage ^ 
to stage B. Connecting a wire from the top end of R4 to capacitor C1 links the 
output of this two-stage amplifier with its input; that is to say, we feed back an 
in-phase signal from the output of the system to its input. The expresii 
“feedback” should ring a bell as it is a radio technical term used in connectio 
with oscillators. As a matter of fact, the circuit can oscillate without receiving 
any energy from an outside source! 

Fundamentally, the circuit is an amplifier. If we take some of the voltage from 
the output and feed it to the input of the first stage, in phase with the ifte 
voltage, then the voltage on that first stage's input will be strengthened. ircuit 
input voltage is raised sufficiently it can compensate for the losses in the ct 

and the circuit will act as an oscillator. 
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Electrical Action in the Multivibrator 


When switch SW is closed, both stages conduct. Capacitors С! and C2 charge 
to approximately the B+ voltage. The charging path for C1 is from ground, 
through RI and R4, to B+ and for C2 from ground, through R3 and R2, to B+. 
It's impossible to find two tubes/transistors that are exactly the same. Even 
though the tubes/transistors and other components of stages A and B are 
theoretically identical, in practice they are not; one stage will conduct slightly 
more than the other. Assume that stage A conducts more heavily than stage B. 
Therefore, its output voltage will be decreasing faster than that of stage B. 
This negative-going voltage is applied to the input of stage B through coupling 
capacitor C2. As a result of phase inversion in the second stage, the voltage 
variation at the top of R4 is positive-going. This rise in voltage at the output of 
stage B is fed back to the input of the stage A, increasing its output current. 


2. Омри current in stage A 3. This increases the voltage 
sarts increasing through drop across R2 making the top, 


of А2 negative going. 


If the output current in A is increased, the voltage at the top of R2 is driven 
even lower, the voltage at the top of R4 becomes more positive, and in turn 
the input of tube A is made still more positive. All of this action takes place 
much more rapidly than we can describe. The voltage of stage A’s input rises 
very rapidly. At the same time, the voltage at the top of R2 is dropping at an 
equally rapid rate, and the input of tube B is speedily driven more and more 
negative. The rapid rise in voltage on input A and the fall in voltage on input B 
does not continue without reversal. After a short period, input B is driven to its 
cutoff point and even beyond it; output current in stage B ceases, and the 
voltage fed back to the input of A no longer rises. For a moment, then, the 
action of the circuit is at a standstill, with the input of A retaining its highly 
Positive voltage, and the input of B being very negative. 
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Electrical Action in the Multivibrator (cont'd) 


6. The positive going voltage at the 
top of R4 is transferred back to 4. The negative-going voltage 
the input of stage A where it is in 
proper phase to continue action. 


is transferred to the input 
of B driving it to cutoff. 


5. The plate current 
in RÁ is reduced 
developing a 
positive going 
voltage at the top 
of R4 

ва 
which reaches 
a maximum value 
equal to Ep at 
output current 
cutoff, 


As mentioned previously, while all this is going on C2 is accumulating a 
charge. With the action of the circuit temporarily stopped, C2 is able to dis- 
charge. It discharges through ВЗ, but it can only do so slowly, since the resistor 
prevents an instantaneous discharge. As C2 discharges, the voltage of input B 
becomes less and less. negative, until finally it is less negative than cutoff, and 
output current in stage B begins to rise. With the output current of B on the in- 
crease, the voltage at the top of R4 starts falling. This voltage decrease is fe 


back to the input of stage A through Cl. 


8. For a moment, 9, Capacitor C2 discharges through 

circuit action stops. R3- eventually the input of stage B is less 
negative than cutoff, and current starts 
flowing in R4, 


7. When stage B 
reaches output 
current cutoff 
no further 
changing voltage 
is fed back to 
stage A. 


R4 


The Multivibrator 


Electrical Action in the Multivibrator (cont'd) 


11. The negative+going voltage 


12. The gradually increasing negative 
is fed back to the control 


voltage from stage B makes the grid 
of stage A more and more negative input of stage A. 
until stage А is cutoff. 


The voltage „оп the input of A rapidly becomes increasingly negative, 

бонат; going past the cutoff value. At cutoff the output current іп A ceases 

Pe hii and once more the system is at a standstill, with the input of A 
ighly negative. During this quiet period, C1 discharges through resistor R1. 


nud the resistance of КІ opposing the flow of current, the capacitor discharge 

ls c ieved at a relatively slow rate, and the voltage on stage A slowly becomes 

pe negative. Once more output current begins flowing in stage A, and a repe- 
lon of the whole cycle we have described takes place. 


15. Capacitor Cl is discharging 
RI and making the input of stage 
A lens negative. When it reaches less 33. m suea cut ar 
than cutoff, A starts conducting and n Lais ee 
the whole cycle is repeated. is most positive. 
14. The negative 

going voltage 
at the top of R4 
has reached its 
maximum value 
and the system 
is momentarily 
mt a stand still. 

No changing 
voltage is fed 
back to A. In the 
meantime... 


The Multivibrator 
Wave Shapes in the Multivibrator 


The word description of the multivibrator action that we have given is all very 
well, but a picture of what happens would be much better. Since our story re- 
volves around the input of stage B for the most part, suppose we take a close 
look at the action there first. 


The graph below shows us what is happening at the input of stage B in the 
multivibrator schemetic. At zero time—the time which marks the beginning of 
our explanation—the input voltage is zero. Then, as we explained, the input 
voltage falls very rapidly in the negative direction, with point P being the most 
negative value. Since time is measured horizontally the horizontal distance be- 
tween O and P, designated by T,, represents the interval of time in which the 
input voltage drops from zero to its most negative value. The output current 
cutoff voltage is represented by the horizontal dotted line. As shown in the 
diagram point P is far more negative than cutoff. 
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Wave Shapes in the Multivibrator (cont'd) 


-— at the Input of Stage A 
o 
e 


Charging Discharge 
Time Time 


-Input Volts 


At point P, capacitor C2 starts discharging through resistor R3. The input 
voltage rises relatively slowly from P until it reaches the cutoff value at Q. At 
the instant the input becomes slightly less negative than cutoff, output current 
begins flowing in stage B, the input of stage A starts going negative, and the 
grid voltage of stage B rises very rapidly in the positive direction to point X. 
The time represented by the distance between X and Y is one of those "stand- 
still periods" we spoke of earlier. It is during this time interval that C2 charges 
up again. After Y, of course, the whole action repeats itself. 


If we wanted to show the waveform of the voltage on the input of stage A we 
could do so very easily remembering that, because of the phase-inversion 
action of a single stage, the input of stage A is in its positive phase while the 
input of B is in its negative phase. The input of stage B is in its negative phase 
from O to just an instant after Q. It is during this same time that input A is in 
its positive phase. 
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Frequency of the Multivibrator Wave 


The waveforms illustrated have been exaggerated to show details. If they were 
drawn strictly to scale, the horizontal distances ТІ and T2 would be 
practically zero compared, e.g., to the much longer charging and discharging 
intervals of the capacitors Cl and C2. The two waves, then, would look like 
this illustration. 


Previously shown Previously T ! 


* Volts 
Time 


shown as i Previously T2 


T2 
(A) Input of Stage A 


WAVE SHAPES OF VOLTAGES AT BOTH INPUTS 


Charge time 
+ Volts 
ad 


Discharge time 


(B) Input of Stage B 


Suppose we look for a moment at a drawing of stage B which shows that, at 
start of the action of the multivibrator, the input voltage of stage B drop t se- 
sharply, then rises slowly as C2 discharges, and so on. At point Y the aio а ой 
quence of events begins over again, for Y marks the beginning of a secon that 
of the grid voltage followed by the slow discharge of C2. We can then say put 
the multivibrator has completed one cycle of oscillation when the T 
voltage goes through a variation from O to Y. The horizontal distance l js 
to Y is the time during which one cycle is completed, and this time inter 
defined as the period of oscillation or frequency of the oscillator. 
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Frequency of the Multivibrator Wave (cont'd) 


Is there any way we can vary the period of oscillation of the multivibrator? 
The time for the first half-cycle—the horizontal distance from O to Q—is oc- 
cupied by the discharge of capacitor C2. Similarly, the time for the second half 
of the cycle, the distance from Q to Y is taken up by the charge of C2. 


If we reduce the time C2 needs to charge or discharge, then the period of the 
oscillation will be shortened and the frequency will be raised. We do this by 
lowering the time constant of the circuit. C2 charges and discharges through 
R3. Hence, the resistance of R3 determines the length of time the capacitor 
takes to charge or discharge. By making R3 variable we can vary the period of 
oscillation of the multivibrator. 


How Reducing the Discharge Time of C2 
Longer 
Period 


Reduces the Period 


Time S A 
----------- of Oscillation ог 


Increases the Frequency. 


~ у C2 
Discharge (8) 


This illustration shows how the period of oscillation of the multivibrator can 

changed by varying the amount of resistance through which C2 must dis- 
Charge. In (A), the resistance is fairly large, and the capacitor takes a fairly 
Ong time to discharge; in (B) however, the size of the resistance has been 
Teduced, and the time for the discharge of C2 has been similarly reduced. The 


Period is shortened. 


Shortening the period of the oscillator's electrical cycle has the effect of in- 
creasing the oscillators frequency. If the time taken for a single cycle is 
shortened, more cycles can occur in I sec. 
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Amplitude of the Multivibrator Wave 


Although we have managed to change the frequency of the multivibrator 05- 
cillation, the amplitude of the two waves is still the same. This is not 
surprising; it is strictly in accord with the theory of oscillators. The amplitude 
and frequency of a wave are two different quantities, and it is entirely possible 
to change one without affecting the other. By another arrangement, we can 
change the amplitude of the multivibrator' s wave. 


and AMPLITUDE TELE + 


of the Wultiotbrator wave ane ladependent. 


-BUT- 
Increasing the Amplitude of Output and Input Voltage 
B+ B+B+ 


Input Volts 


Increases the Amplitude of the Output Current 


Output Volts 


From what we know about the behavior of tubes and transistors, it should pe 
easy to figure out a way to change the amplitude of the wave. The current he 
flows in either of the two multivibrator stages depends on the strength of ie 
voltage that is furnished the plates/collectors of those stages by the powe 
supply. If we increase the voltage of stage B, for example, the current flo f 
in the stage will be larger, and the voltage it feeds back to the input of e 
will also be greater. Obviously, then, the amplitude—or strength—o Me 
multivibrator signal can be varied by changing the plate/collector voltag 
one of the stages. 


pends 0” 
it is als? 
d to the 
A and P 
stage 


Tt is true, as we have just stated, that the output current of a stage de 
the voltage applied to the plate/collector by the power supply. But 
true that this current of a stage depends on the varying signal applie 
stage's input. Given the voltage which appears on the input of stag r 
of the multivibrator, we can see what the output current form in dim 
looks like. Suppose we examine stage B. 
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Output Current and Output Voltage Waveforms 


The input voltage at stage B begins at zero, and drops to point P which is more 
negative than cutoff. Since the output current decreases as the input voltage 
becomes more negative, at point E of the input voltage waveform the output 
current is zero, since E marks cutoff voltage on the input. As long as the input 
voltage is at cutoff or is more negative than cutoff, the output current will 
remain at zero. Any negative voltage greater than E will have no effect on the 


zero output current. 


The Effect 


Assumed Charge of C2 
torting point 
Stage B Y 


Input Voltage ©! Tm Of the 
| П 
Dischorgel 
otjc2 
[ 


x’ 
— ke [=k | on the Output Current 
Input Current Time 


Input Voltage Variation 


1 
1 
i 
! 
I 
! 
1 
1 
П 
П 


Stage В o 
Output Voltage 


From P to Q, the input voltage rises slowly. But all during that time, the input 

is still more negative than cutoff. For the P' to Q' time interval, then, the 

Output current remains at zero. But point Q is at the cutoff level. Any rise in 

Input voltage above Q will produce a corresponding rise in plate current. From 
to X, where the input voltage rises very sharply, there will be an equally 

Sharp rise in the output current (Q' to X’). From X to Y the voltage falls off 

rather slowly, but never during that fall does it get as far negative as cutoff. 
€ output current, therefore, varies accordingly. 


If we construct the output current of stage A in the multivibrator in the same 
Way, we will find that it is an inverted image of the stage current curve of stage 

- Both these output current pictures are very nearly square waves. We shall 
See later just how important such square waves of output current are. 
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The Cathode-Coupled Multivibrator 


Another type of multivibrator, made up in a slightly different way, is even 
more popular with television receiver manufacturers. This type of multivi- 
brator, known as the cathode-coupled multivibrator, is a close cousin to the 
basic multivibrator. We retain the resistance coupling between the first and 
second stages, also the phase inversion of signal between the grid of the first 
tube and the grid of the second. But what seems to be missing in this circuit is 
the feedback arrangement by which the signal at the output of tube B is fed 
back to the grid of tube A. 


The Cathode Coupled Multivibrator 


| Plate current 4 
of tube A 


CI 


Tube A 


Plate current 


Input circuit of tube B 


contained inunit 
which supplies 


sync pulses OUTPUT 


R3 


This is the 


common coupling 
element. 


The feedback arrangement is in the circuit, but does not have the same аве 
in the basic multivibrator. Coupling between tube В and tube A ane 
through resistor R4. Both cathodes have this resistor as a common plate “he 
rent path. Plate current in.tube B must pass through R4 on its way back [a , 
cathode of tube B. Since this same resistor is in the cathode circuit e late 
the signal developed across R4 as a result of the rise and fall of tube B P 
current will be fed back to the grid of tube A. 
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The Practical Cathode-Coupled Multivibrator Circuit 


The two triodes, tubes A and B, are within the single envelope of a duotriode. 
Note the capacitor Cl, between the plate of tube A and the grid of tube B, and 
the cathode-coupling resistor, R4; both were in the previous circuit. But why 
two variable resistors, R5 and R7? What functions do R6 and C2 serve? 


Although we have not seen these resistors before, it is easy to explain their pur- 
Pose. R5 varies the total resistance between the grid of tube B and chassis, 
thereby determining the rate of discharge of Cl—hence the frequency of the 
oscillator. Earlier we explained how varying the resistance between the grid of 
tube B and the chassis of the basic multivibrator has the effect of changing the 
frequency of the oscillator. We can go still further. You might recall from an 
early lesson that the "hold" control in the vertical oscillator is the device by 
means of which the frequency of the vertical oscillator is regulated—R3 is the 
vertical hold control. 
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Varying the resistance of R7 controls the total resistance between the plate of 
tube B and the positive terminal of the B supply. If this resistance is increased, 
the voltage at the plate of tube B decreases. A variation of the plate voltage on 
tube B results in a change in the amplitude of the multivibrator output. R7 is 


the vertical size control. 


As the diagram shows. the grid of tube A is connected to the vertical integrator 
circuit. The idea behind this connection is that the large vertical sync pulse de- 
veloped by the integrator may keep the oscillations of the multivibrator under 
control. Notice also that a resistor and capacitor in series—R6 and C2—are 


wired from the plate of tube B to chassis. 
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The алела of the борне Clipper 
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2. The Sync Amplifier and Noise 
Cancellor. In this highly effective 
circuit, transistor Q2 completes the 
emitter path of Q1 during noise-free 
conditions. When noise spikes ar- 
rive, Q2 cancels the noise by 
opening the emitter path to 01. 
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4. The Integrating Circuit consists 
essentially of series-resistance and 
shunt-capacitance, the output being 
taken off the last capacitor. The 
output voltage is a function of the 
duration and amplitude of the input 
voltage. The vertical integrator dis- 
tinguishes between vertical and hor- 


izontal sync as well as equalizing 
pulses. 
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Output sync pulses 


1. The Sync Clipper or Separator 
removes the sync pulses from the 
complete video signal, and discards 
the remainder of the signal. The 
output signal is made up of the same 
sync pulses that were sitting on top 
of the pedestals of the input signal, 
but the pulses appearing in the 
output signal are inverted. 
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3. The Sync Amplifier. The in- 
coming sync pulses are shown with 
their peaks no longer square. Since 
the ragged peaks are well beyond 
the cutoff point, they cannot 
influence the plate current. The 
plate current wave, therefore, has 
sharp corners. 


The Integrating Circuit 
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Review 


5. Integrating Action. The serrated as 
vertical syne pulses are applied to а 
the integrator. These serrations аге SYNC ANTES 
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equalizin = ante ùs 
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vertical sync pulse up to the trig- $ x == 


gering voltage. 


The horizontal and equalizing pulse charges have no effect. The very natrow 
equalizing pulses help dissipate any residual charge remaining from the hori- 
zontal pulses. The buildup of voltage due to the six vertical sync pulses is the 
same for each field time-wise, and so triggers the vertical oscillator at the same 
time for each field. Across the plate load resistor R2 appears a signal voltage 
made up of more or less squared, horizontal, equalizing, and vertical sync 
pulses. Part of this signal voltage is fed into the integrating circuit. The re- 
mainder of this same output signal voltage developed across R2 is fed into the 
horizontal sweep system. 


Two Resistance-Coupled >. Feedback] 
(GB, Stages /n Cascade Vin thed 
Multivibrator Circuit, 


A portion of the 
voltage variation 
present across R4 
is fed back to the 
input of stage A. 


6. The Multivibrator. Consider the two-stage resistance-capacitance coupled 
amplifier. If the input of stage A receives a positive-going voltage, the top of 
Output resistor R2 becomes negative-going and this voltage is passed to the 
input of stage B and the top of R4 is positive going. We can say that the output 
is in phase with the input. Let us now connect the lead labeled output to the 
input. We feed back an in-phase signal from the output of the system to its 
input. If the input voltage of the first tube is raised sufficiently, the circuit 
losses are compensated. The circuit will act as an oscillator. 
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The Blocking Oscillator 


The blocking oscillator is another type of relaxation oscillator frequently used 
as the vertical oscillator, particularly in transistorized television receivers. 
Essentially, it consists of a transformer that develops a high-amplitude narrow 
pulse, and an RC network in the base circuit that has a slow discharge time. It 
is this RC network that determines the frequency of the oscillator, Now let's 
analyze the details of how the blocking oscillator works. 


First assume that a small positive bias voltage is applied to the NPN transistor 
base. Thus, the forward biased emitter-base junction causes current to flow 
from the emitter to the collector and through L2, R3, and part of R4 to В+. 
Since diode D1 is reverse biased (its anode faces against the flow of current). 
the diode acts like an open circuit. 


Because of the voltage drops across resistors R3 and R4, the voltage at the top 
of R3 swings downward (negative-going). With L2 and L3 wound on the same 
iron core, the transformer acts to couple and reverse the phase of the v 5 
from L2 to L3. Thus, when the collector swings negatively, the voltage p 
pled back to the base is positive which further helps the transistor to conduc’: 


|» oUTPUT 


SYNC PULSES 
FROM VERTICAL сз 
INTEGRATOR c2 


= HOLD 
CONTROL 
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The Blocking Oscillator (cont'd) 


This positive feedback further increases the collector current, causing the 
collector voltage to swing downward even more. The phase-reversed feedback 
voltage increases the positive potential on the base, and collector current 
continues to rise rapidly. But collector current cannot rise indefinitely because 


saturation soon occurs. 


Since the feedback voltage to the base depends on changes in collector cur- 
rent, the failure of the collector current to rise any further means that the 
transfer of positive voltage to the base ceases. Without the feedback to sustain 
it, the collector current starts to fall. With falling collector current, the 
voltage drop across the resistor in the collector circuit is reduced and the 
collector voltage becomes positive-going. The voltage fed back to the base 
is now negative. With negative voltages applied to the base, collector current 
in the transistor drops rapidly, making the collector even more positive. 
Eventually the base is driven so far negative that the transistor is cut off. 


n cutoff, collector current ceases completely. 
Now we have an "inactive" period as in the multivibrator. During this inactive 
period СІ discharges, raising the base voltage slowly in the positive direction. 
When it is slightly above cutoff, current flows once again. 


With the base more negative tha 


M blocking oscillator just described is free running. Vertical sync pulses, cou- 
pled to the transistor base through L1, will synchronize the circuit. 


Controls in the Blocking Oscillator 


Just as we did with the multivibrator, we can vary the frequency of the 

locking oscillator by varying the time of discharge of the capacitor in the base 
circuit. Since that capacitor—Cl in the schematic—discharges through the 
base resistors, we can vary the time of the discharge by varying R2. As we shall 
find, any tendency of the picture on the screen to roll in a vertical direction 
can be corrected by adjusting the frequency of the vertical oscillator. Because 
Proper setting of R2 can hold the picture steady, it is known as the vertical 


old control. 
ange the amplitude of the oscillator’s 


of the vertical oscillator's output con- 
lled the vertical size control. In most 


Changing the resistance of R4 can ch 
Output waveform. Since the amplitude 


trols the height of the picture, R4 is ca 
receivers, the vertical size control is on the back of the chassis for the service 


technician's use. The hold control is usually placed on the front panel for the 
Set-owner's convenience if the picture should slip either up or down. 
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Waveforms in the Blocking Oscillator 


From the description we have just given, we should be able to construct the 
waveform of the blocking oscillator base voltage. The whole cycle of action 
begins with the base voltage going slightly positive from a zero value. Both 
collector current and base voltage rise rapidly together. Then, when saturation 
is reached, the base voltage drops just as rapidly until it becomes even more 
negative than cutoff. Just this part of the cycle is illustrated. 
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The base voltage is shown rising very quickly to a maximum at A, (неп ji 
ping just as sharply to point B, which is far more negative than cutoff. В, dis- 
is just the beginning of the quiet period during which the capacitor 7, ће 
charges. At point B, the field 


around L2 collapses and tries to MATS а 
ies to happen, diode D1 conducts, 2€" 
possible voltage swing. 


voltage positively. When this tr 
short, and quickly dampens any 
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Waveforms in the Blocking Oscillator (cont'd) 
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The next phase is the quiet period, with the base voltage rising slowly, along 
with the capacitor discharge, until cutoff is reached. Once the cutoff pon: is 
reached, the very rapid rise in base voltage takes place again, and the d e is 
complete at point P. Of course, the base voltage does not stop. at Po ceps 
rising until it hits a peak at the same level as point A, and goes through exactly 


the same motions as it did before. 
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Waveforms in the Blocking Oscillator (соп) 


Several Cycles of Base Voltage Variations 
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With the aid of the figure, we can see how the collector current in the blocking 
oscillator transistor varies. Remembering the rule that the collector current 
waveform corresponds to the base voltage except where the base voltage be- 
comes more negative than the cutoff value or more positive than the saturation 
value, we are able to draw the collector current in the transistor. 


The collector current curve does not show the complete capacitor discharge 
action since that takes place at voltages more negative than cutoff. All during 
the capacitor discharge time, the collector current remains at zero. 


Looking at the curve we can see that this collector current waveform is some- 
what like a square wave, just as the collector current waveform in the multivi- 
brator was close to a square wave. In fact, that is one of the requirements © 
the relaxation oscillator used in the sync circuit of a television receiver—its 
ability to produce a square-waved collector current. 


Assume this level to be the starting 


The Collector value of collector current. During 
operation collector current swings 
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Syncing the Vertical Blocking Oscillator 


We have seen how the integrator circuit adds the vertical sync pulse serrations 
into one pulse while ignoring the other sync peaks. The vertical sync pulse at 
the integrator output is fed to the blocking oscillator to force it to operate at 
the vertical frequency—that is, 60 Hz. The vertical oscillator is designed to run 
free at approximately that rate. Applying the integrated vertical sync pulse to 
the base of the vertical oscillator “drives” it at this frequency. 


Remember that the output of the integrator consists of pulses of positive po- 
larity. Positive pulses, when applied to the base of the blocking oscillator, can 
raise the base above its cutoff value, and so force it to start conducting sooner 
than it normally would. By applying pulses of the correct frequency we can 
force the oscillator to conduct at the precise instant necessary for correct func- 


tioning frequency-wise (synchronization). 


How the Vertical Integrated Pulse 
Forces the Vertical Oscillator N Co та eee 
into Synchronization until triggered 


* VOLTAGE 


слон! 


- Voltage 
(B) Integrated vertical pulses 


+ Voltage 


Time 


1 2 3 4 5 6 
-VOLTAGE | Evenly spoced integrated vertical sync pulses 


e of the blocking oscillator, and just below it, in 
(B), are the integrated vertical pulses. Pulse 1 is just above the point where the 
base voltage is most negative. At this point, the syne pulse is powerless to 
affect the oscillator frequency since it is not positive enough to bring the 
transistor out of cutoff. Pulse 2 can do no better, because it arrives at a time 


when the base voltage is positive anyway. 


In (A) is shown the base voltag: 


Pulses 3 and 4 are in the same category as pulse 1. But pulse 5 appears on the 
scene when the base voltage of the oscillator is approaching the point where 
the transistor is ready to “fire.” Pulse 5 adds just enough positive voltage to 
trigger the blocking oscillator into conduction at X. The broken line illustrates 
what the timing (Y) of the oscillator would have been had the triggering pulse 
not come along. From this moment on, the integrator pulses keep the blocking 


oscillator synchronized. 
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Sawtooth Shaping 


Earlier you learned how multivibrators generated a series of square waves. By 
adjusting the input resistance (R5) to stage B, you saw that you can change the 
duration of stage B cutoff, and thus, change the duration of the square wave 
from the output of stage B. This series of square waves must now be changed 
to a series of sawtooth waveforms which we will need to drive the vertical 
output sweep circuits. 
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To generate the sawtooth at the multivibrator output, we simply connect m" 
to the output of stage B. Thus, when stage 2 conducts and operates like а 5 KA 
between plate and cathode, capacitor СА completely discharges. А5 soon 
stage B cuts off, we find that capacitor C4 begins charging through resistor 
to B+. Of course, the capacitor charges at a rate which depends upon 
values of R and C. Thus, when you adjust the variable resistor to a high У га 
resistance, the capacitor will charge at a much slower rate. And as it charg! da 
the voltage gradually rises toward the B4- level. Since capacitor C4 а 
slowly, it does not store much positive voltage before the tube conducts a th 
а опе the capacitor quickly discharges through the low resistance Pie, 
aii tube, causing the capacitor voltage to fall sharply almost to 2610 ^ ga 
^ wie see the results of a slow charge path providing a slow rise time, 

St discharge path providing a fast fall time. 
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р what happens when we adjust the potentiometer for a low resistance 
rapidi a stage B cuts off for the long duration, the capacitor charges 
igs A rough the high resistance. So rapidly, in fact, that the capacitor 

"S reaches the B4- level and flattens to the steady B+ voltage level. 
Ramat too, that before the sawtooth flattens, there is a serious curvature. This 
tis pone is called nonlinearity. This nonlinearity is further compounded by 
sawto ne topping-cff” and becoming fat. Once it "tops-off", the 

oth remains flat until stage B conducts and discharges the capacitor. 


stor is called either a vertical lin- 


Sho R 
rtly, you will see that this variable resi 
ding upon which characteristic of 


eari i i 
the y or vertical size (height) control depen 
tooth it affects most. 
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Sawtooth Shaping (cont'd) 


Later in this lesson, when we discuss the details of vertical output amplifiers, 
you will notice that we feed a trapezoidal sawtooth to the vertical amplifier. 
The trapezoidal sawtooth is essentially a sawtooth riding on top of a square 
wave. The amplifier uses this type sawtooth to effectively and efficiently feed 
the vertical deflection coils. To develop this trapezoidal sawtooth, we simply 
insert a resistor (R6) in series with the charging capacitor (C4). As you already 
know, the bottom of the sawtooth is flat for only a short period when the trig- 
ger pulse virtually shorts, and thus discharges C4. By inserting R6 in the charge 
path of C4, the initial surge of charging current through R6 to C4 sees the re- 
sistance of R6. This resistance provides a sudden voltage drop, while the 
reactance of C4 is almost zero. The sum of the two voltage drops combine to 
form a sawtooth riding on a square wave. 
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Wave Shaping 


Feeding the Vertical Deflection Coils 


Why should we want a summed-up voltage having this so-called trapezoidal 
waveform? The reason is that television receivers use electromagnetic 
deflection to sweep the electron beam up and down the face of the picture 
tube. This deflection is produced by the vertical deflection coils which are 
large, specially shaped inductors. To obtain the linear sweep so necessary for 
an undistorted picture, the current (not voltage!) through the inductors must 
have a sawtooth waveform. Now the question is: "What kind of voltage is re- 
quired to cause a sawtooth current to flow through an inductor?” 


It is well known that voltage having a square-wave form will cause a sawtooth 
current to flow through a pure inductance having no resistance. But practical 
deflection coils do have resistance. As we know from de theory, the current 
through a resistor always has the same form or shape as the applied voltage. 
Thus, we can conclude that a sawtooth current will flow through a pure re- 
sistance only if a sawtooth voltage is applied across it. 


(A) PURE INDUCTANCE (B)PURE RESISTANCE 
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voltage Sowtooth Voltage ‘Sawtooth 
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(C) INDUCTANCE AND RESISTANCE 


Combined square ond 
sawtooth voltage 
(Tropezoidol voltage) 
Sowtooth 
Current 
Let us now combine these two ideas in the manner suggested by the above 
figure. A trapezoidal voltage—comprising @ combined square-wave and 
sawtooth voltage—applied across the terminals of a practical deflection coil 
having both inductance and resistance, should result in a sawtooth current 
through the combination. The fact that it does is borne out in practice. Re- 
member a trapezoidal voltage produces a sawtooth deflection current in a 
Practical vertical deflection coil. The trapezoidal waveform is then RC coupled 
to the vertical output amplifier. Here the amplifier input operates as a conven- 
tional amplifier and develops signal bias in the grid circuit. At the grid, the 
sawtooth voltage gradually rises and thus gradually raises the plate current in 
the tube. The resulting output voltage is a negative-going sawtooth waveform. 
Since this negative-going sawtooth has voltage characteristics similar to those 
x the output of stage 2 of the multivibrator, manı 
ertical oscillator with the amplifier. 


165 


ufacturers combined the 


Vertical Oscillator and Vertical Output 
Combining the Vertical Oscillator and Vertical Output 


Look back for a moment at the output of stage B of the multivibrator. Notice 
that the asymmetrical square wave has long duration negative pulses similar to 
those developed in the vertical output stage. Now if we eliminate stage A 0 
the multivibrator and couple the vertical output through the feedback loop to 
the input of stage B, as shown here, we have all the advantages of the multivi- 
brator and amplifier stages. Since the amplifier develops a high voltage pulse, 
the feedback loop must be designed to attenuate and reshape the pulse so it 
effectively drives the oscillator stage. 


Notice that the feedback loop returns the negative vertical output pulses to 
the oscillator stage. There, the RC network develops a negative voltage me 
cuts, off the oscillator for a duration that is varied by the vertical hold contro". 
Varying this hold control will, of course, vary the RC discharge time of the 05: 
cillator grid circuit. Furthermore, notice that the basic RC compoments use 

in the vertical oscillator are similar to those used in stage B of the multivibrator 


that we discussed earlier. 
ram TL. IL 
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Combining Vertical Oscillator and Vertical Output 


Variations in the Vertical Oscillator—Output Stages 


Р os” 
Let's examine some of the significant circuit variations of the vertical fhe 
cillator-output stage, such as the vertical hold, linearity and size contro "me 
vertical hold control, along with its associated capacitor forming the bes 
constant circuit, is used in either the grid or cathode circuit of vacuum f the 
or it is used in the base or emitter circuit of transistors. The purPo be of 


variable RC network is to v ds the 
E ar hat holds 
transistor cutoff. E Hs пене о МДЕ 


A typical location for 


85 

Шако", 4 

the si T ate circuit of the osci 7 апі? 
dioi у Ei Gales, € size control is in the plate circuit о al 


i ary pi ; 
Here the circuit is designed so that R1 will vary Pri the 


i d 
us amplitude of the sawtooth. Linearity control R2 is often oum toon 
rise Gite of the vertical output and, of course, helps to straighten t 


4-66 


Vertical Oscillator and Vertical Output 


Variations in the Vertical Oscillator—Output Stages (cont'd) 


Сета озот VARIATIONS IN 
2b ell VERTICAL 


HOLD CONTROL 


Control 


Hold 
Control 


OAR ИАЕА 


Vertical Output 


Vertical Osc 


Variations in 
Vertical Size and 
Linearity Control 


Vertical 
Linearity 


R2 
Control Determines 


Bias Point on 
Tube Characteristic 


OUTPUT 
eg- 


Ц 
4— Bias POINT Ф 


The linearity control is an interesting and important part of the vertical output 
system. Being a part of the cathode circuit of the tube, it controls the grid- 
cathode bias and hence permits the user to change the point of operation on 


the tube's characteristic curve. This curve, you will remember, has a linear and 
a nonlinear portion. Normally, one would expect the bias to be selected for 
linear operation because, under these conditions, the tube serves as a distor- 
ticnless amplifier. On the other hand, although we have pictured the top of the 
trapezoidal voltage as a perfectly straight line in all our drawings, this con- 
dition is usually not true; there is always some curvature In the charge curve of 
a capacitor. By placing the vertical output amplifier tube on a slightly curved 
part of its characteristic, it is possible to balance out the opposite curvature in- 
troduced by the discharge circuit. In effect, we balance out one distortion by 
introducing another distortion of an opposite type- 
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Variations in Size and Linearity Controls 


Below is another variation in the size and linearity controls. In this circuit, the 
vertical linearity control R4 accomplishes two functions to achieve linearity: it 
adjusts the voltage level of the charging circuit, and it adjusts the charging 
time. Notice that resistors R3 and R4 forma voltage divider, with resistor R4 as 
the linearity control. By moving the wiper arm of R4 closer to B+, the series 
capacitors C2 and C3 charge more rapidly to the positive voltage level es- 
tablished at the potentiometer. This rapid charge results in a nonlinear 
sawtooth. On the other hand, by moving resistor R4 wiper arm closer to the 


ground level, you increase the charge rate and thus develop a more linear 
sawtooth. 


More Variations in Vertical Controls 
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CONTROL 


6, however, serves another function іП grt 
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у. iin A negative pulse that is developed in the Land RO, 
Part of the de vol еп capacitor C] discharges to ground through Jues 
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Vertical Oscillator and Vertical Output 


A Transistor Version with Driver Amplifier 


The figure below shows a transistor version of the vacuum-tube circuits we 
were just discussing. Notice that one significant difference is that driver 
amplifier Q2 is added to this configuration to feed output amplifier Q3. 


The sawtooth charge path is from ground through size control RT, linearity 
control R6, capacitor C3, and resistors R3 and R4. The size control R7 func- 
tions to divide part of the sawtooth voltage being developed during the 
sawtooth development and feeds it to the emitter of Q3. The linearity control 
adjusts the RC charge rate to the most uniform slope of the sawtooth. The 
positive sawtooth developed at the base of Q2 causes the NPN transistor to 
conduct and thus develop an in-phase, positive sawtooth that is fed to the base 
of the vertical output stage Q3 for amplification. The output voltage from Q3 
is coupled through the feedback loop to Q1 to sustain oscillations. 


—————À————— 


Transistor Version of Vertical Circuits 
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Sawtooth Output from Blocking Oscillator 
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The collector circuit of the blocking oscillator contains the sawtooth shap 
circuits which we sh 


is simi the 
ow as C2, R3, and R4. This RC network is similar to 
sawtooth circuit that we discussed in the vertical multivibrator circuit. 


The sawtooth network generates the saw 
riod of the transistor, During this lon, wn 
slowly through the relatively high resistance of resistors R3 and R4, as sho 
by the solid arrow. This cha 
of the sawtooth voltage. Ca 
is driven into saturation. Th 


z E am- 
Varying size contro] R4 changes the charge time of C2, and thus, the 
plitude of the Sawtooth. A lower resist. 


toot 
~ ance increases the size of the saw 
by allowing C2 to charge rapidly. 
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Blocking Oscillator with Driver and Vertical Output Stages 


h, the blocking oscillator sends the sawtooth to 
he amplifiers usually consist of a driver, followed 
n the vertical circuits below. Notice that 
d here are similar to those you studied 
ever, there are a few different 
d voltage dependent resistor 
amine the overall cir- 


After generating the sawtoot 
the vertical amplifier stages. T 
by the vertical output stage as shown i 
some of the circuit configurations use 
earlier when we discussed multivibrators. How 
parts in this circuit, such as the thermister R9 ani 
VDR12. But before we discuss those parts, let's briefly ex: 


cuit operation. 


VERTICAL 
OUTPUT 


= HOLD 


The sawtooth developed across C2 couples through C3 and is reshaped into a 
Resistor R5, along with the 


trapezoidal sawtooth by RC network R5-C4. а 
negative feed back from resistors R6 and R7 helps to correct the vertical lin- 


earity. The trapezoidal voltage is then amplified and inverted in the driver 
collector circuit. There, capacitor C5 couples the sawtooth to the base circuit 


of the vertical output stage. The voltage divider network consisting of therm- 
s voltage for the vertical 


ister R9 and resistor R10 regulates the base bias voltage fc 

output stage. Since the vertical output stage in this circuit uses a PNP 
transistor, the negative trapezoidal sawtooth causes the transistor to conduct 
More as the sawtooth becomes more negative. The vertical output stage thus 
produces a positive sawtooth which is an inversion of the sawtooth at the base. 
The voltage dependent resistor VDRI2 in the collector circuit prevents the 
Sawtooth voltage from developing an abnormally high inductive voltage 


Which could destroy the transistor. 
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How Thermistors and VDR’s Work 


ek зй VDR's (voltage. dependent resistors) are used in vertical 

high к нире as well as other circuits of the television receiver, to prevent 

eine = ues of current and voltage from damaging circuits. The thermistor 

RA Lb pong transistors from conducting too much when the temperature 

th b е VDR lowers its resistance as voltage across it tries to rise, and 
ereby maintains the same voltage. Here is how this is done. 


s are frequently used in the base cir- 
t of a voltage divider along with 
he voltage divider shows thé di- 


As shown on the opposite page, thermistor: 

cuit of NPN and PNP circuits, forming par 

other series resistors. The arrows next to t 

соп of current. Notice that the NPN transistor circuit is grounded to the 

ЈЕ gative terminal, while the PNP transistor is grounded to the positive 
rminal. In both the PNP and NPN transistors circuits, the thermistor nor- 


mele drops about 2 V and the resistor drops 10 V, a sum of 12V. Now when the 
emperature in this circuit rises, the transistor will tend to conduct more be- 
ase, the thermistor 


cause of its thermal sensitivity. To oppose this current incre 
owers its resistance so it will drop less voltage. You'll remember that the 
voltage drops in series voltage divider are proportional to the values of re- 
sistance. Thus, a smaller resistance drops a smaller voltage. This reduced value 
of voltage across the thermistor is also felt at the base of the transistor. Of 
course, a lower forward bias voltage reduces the amount of current flowing 
through the transistor. Reducing the transistor current this way overcomes the 
Possible damaging effects that can result from rising temperature in the circuit. 


Now let's examine how the VDR works. The voltage dependent resistor, some- 
times called a varistor, lowers its resistance as the voltage across it tends to in- 
[iae in value. When the resistance of the VDR decreases, the VDR will drop 
less voltage. Notice that since the VDR is connected across L1, the voltage ap- 
Pearing across the VDR branch circuit also appears across LI. Thus, the VDR 


Senses and controls any abnormal voltage changes across LL 


VDR ACTION 
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Final Stages 


Vertical output amplifiers use either transistors or vacuum tubes. If the multivi- 
brator-type oscillator circuit is used in the deflection system, the vertical 
output amplifier will often function as part of the multivibrator circuit. Al- 
though the vertical output amplifier stage provides feedback to previous stages 
both to sustain oscillations and to insure vertical linearity, it's primary function 


is to feed the vertical output transformer and deflection coils (illustrated 
below) with a suitable sawtooth. 


Vertical Vertical 
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сот 


Block Diagram of Basic 
Vertical Output System 


The vertical output transformer and deflection coils shown here are typical of 
those you'll see in many television receivers, Of course, their size and shape 
máy vary slightly to fit the television's physical characteristics. An important 
point to notice about the deflection coikis that it is constructed to fit around 
the neck of the picture tube. Some deflection coils provide a magnetic sleeve 
that also fits around the picture tube neck to help control vertical linearity. 
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The voltage that a 
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waveform to produce a sawto P e vertical oscillator is of the 5 


iani ly, it 
dies à oth current in an inductor; but, unfortunate!y> 
that ее ara required strength. This calls for further amplification—4 J° : 
iis re ei by the vertical output amplifier. This amplifier, together yc 
vertical [roa ea capacitors, plus the vertical output transformer: a 
yeter coil, and the linearity control, comprise the vertical outP' 
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How the Vertical Output System Works 


Here is the schematic view of*the vertical output system with the vertical 
output transformer and deflection coils. As you have already noticed, the 
vertical output stage may be a vacuum tube or transistor. Both types of 
amplifier stages will, of course, produce the desired trapezoidal sawtooth 
voltage at the vertical output transformer. Now let's examine the output in 


more detail. 
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The Vertical Output System Schematic 


inverted and greatly amplified at the plate. 
This means that the voltage applied across the primary winding (L1) of the 
Vertical output transformer has the same shape and is transferred inductively 
by transformer action to the secondary winding (L2). The fact that the voltage 
is inverted at the plate makes no difference at all since we can а the final 
output shape by reversing the leads to either winding of the transformer. 


The trapezoidal voltage appears 


to the vertical deflection coils 


Thus, the trapezoidal sweep voltage is applied x : 
with L2 е the new source of sweep. These coils are formed intoa yoke 
he picture tube. The same yoke also contains the 


which fits around the neck of t e i 
horizontal deflection coils, as we shall discuss later. 
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Vertical Output System 
Vertical Output Transformer 


Fundamentally, the vertical output transformer in the vertical output stage 
performs a function similar to the familiar output transformer in a radio 
receiver. Instead of providing an impedance match for a loudspeaker, the 
vertical output transformer matches the impedance of the plate circuit of the 
vertical output tube with the impedance of the vertical deflecting coils. This is 
necessary since the plate circuit impedance of the output tube is much higher 


than the impedance of the vertical deflecting coils. A proper impedance match 
assures a maximum transfer of power. 


The Vertical Output Transformer May Be 
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The di 
receivers a. * ls not necessarily a requisite, and many modern television 
Here, the entire Fa emt in the plate circuit of the vertical output tube- 
while a small FeDstOTTEF winding is in the plate circuit of the output tube 
ah Portion of the winding is used to feed the vertical deflecting cols: 
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Damping Resistors 


Resistors R5 and R6 are connected directly across the vertical deflection 
windings. In this position the resistors lower the Q of the vertical deflecting cir- 
cuit and dampen or reduce any tendency toward oscillation in this circuit. 
Hence, they are given the name damping resistors. 


The cutting off of the vertical output tube during retrace causes the magnetic 
field around the vertical deflecting coils to collapse. This induces a sharp pulse 
which could shock-excite the deflection circuit into oscillation. However, the 
damping resistors introduce losses in the circuit that quickly attenuate the os- 
cillations. If one of the damping resistors were to open, the effect would be a 
train of oscillations in the deflecting circuit that would interfere with the 
normal vertical sweep and cause a distorted picture on the screen. The distor- 
tion would occur, of course, only if the oscillations were to continue into the 


trace portion of the sweep. 


In addition to the above function, the damping resistors also serve to dampen 
into the vertical windings from the horizontal 
ed within the same yoke. These pulses are unde- 
e to the closeness of the two 


voltage pulses induced 
deflection coils that are mount 
sirable, but sometimes almost unavoidable du 
windings. 
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Vertical Retrace Blanking 


To remove the annoying vertical retrace lines visible when the brightness 
control is turned up, most manufacturers include in their chassis a vertical 
retrace blanking circuit. Fundamentally, the theory behind this circuit is to 
blank out or darken the picture tube screen during vertical retrace. 


The general approach to this blanking is to cut off the picture tube during the 
‘time: that the vertical retrace lines would normally appear. This can be done 
by applying a large negative pulse voltage to the control grid of the picture 
tube or by applying a positive pulse voltage to the cathode—each has the same 
effect relative to the other. Generally, it is a good idea to apply the retrace- 
elimination pulse to the element not ised for the video input. 


The logical place to obtain this blanking pulse is from the vertical oscillator or 


output circuit, with the most common takeoff point being from the vertical 
output transformer circuit. 


THE VERTICAL RETRACE BLANKING PULSE may be 


VERT OUTPUT 


ИМ “Negative 
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Review 


SYNC PULSES 
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INTEGRATOR 


{+ outeur 
a 


= ноо 
CONTROL 

2. The Vertical Deflection System. 
The voltage that appears at the 
collector of the vertical oscillator is 
of the correct waveform, but it does 
not have the required strength. A 
vertical amplifier, together with its 
associated resistors and capacitors, 
plus the vertical output transform- 
ers, the vertical deflection coil, and 
the linearity control comprise the 
vertical output system. 
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4. Vertical Retrace Blanking. The 
general approach is to cut off the 
Picture tube during the time that 
the vertical retrace lines would nor- 
mally appear. We do this either by 
applying a large negative pulse to 
the control grid of a positive pulse 
to the cathode of the picture tube. 
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Blocking Oscillator. In 
television receivers, the 


l. The 
modern 


blocking oscillator is used as a 
synchronizing oscillator. Feedback 
from collector to base is accom- 
plished with a transformer. Any 
change in collector current will in- 
duce a voltage in the base circuit 
which will act to aid this change. 


3. The Linearity Control is an im- 
portant part of the vertical output 
system. By placing the vertical 
output amplifier tube on a slightly 
curved part of its characteristic, itis 
possible to balance out the opposite 
curvature introduced by the dis- 
charge circuit. 


THE VERTICAL RETRACE BLANKING PULSE may be 
i “Negative 


Horizontal Sync Circuit 
The Horizontal Sync Circuit Action 


We have shown the action of the vertical sweep oscillator, and how the 
vertical sync pulse controls the performance of the vertical sweep oscillator. 
When we traced the progress of the vertical and horizontal sync signals in the 
preceding lesson we noted that they were divided into two paths—the vertical 
sweep circuit and the horizontal sweep circuit. 


Block Diagram of Sync Circuits Which Feed the Sweep Circuits = 
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amplifier furnishes two outputs: One which contains the 
is fed to the vertical integrator; the other, which may be 
e horizontal sync signal, is fed to the horizontal sweep 05- 


Both of these synchronizing signals have substantially the same characteristic. 
but the input systems to t 


Á he vertical and horizontal sweep circuits distinguis 
between the pulses required by the vertical sweep oscillator and the pulses ге“ 
quired for the horizontal Sweep system. The integrator for the vertical avert 
system selects the serrated vertical syne pulses, changes their shape, [2205 
them to the vertical oscillator, and makes the horizontal sync pulses 
ineffective, 


On the other hand the hori i fed to the 
inet of , orizontal and vertical sync pulses are both 


n e 
fe the horizontal Sweep system. The serrated vertical sync pulses, = 
equalizing pulses, and the horizontal sync pulses all contribute to the con! 

of the horizontal oscil] 


i the 
ator. Its timi ll the while 
receiver is functioning, iming must be under control a 
The i M oft 
zation timing pulses are chosen by the input systems of the h 


c 
P circuits f. i A Ge izontal sy” 
pulses that come EM TOm the train of vertical, equalizing and horizon 


the sync Separator-amplifier tube. 
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The Differentiator 


The electrical “doorway” to the horizontal sweep system is a circuit known as 
the differentiator—a simple combination of resistance and capacitance having 
values such that a square or rectangular pulse fed into the system will result in 
a sharply peaked output pulse. It is located in the output system of the syne 
circuits. The differentiator circuit is a series combination of a capacitor and a 
resistor, with the input voltage fed across the combination. 


The output voltage is taken off across the resistor only as illustrated in the 
schematic. By definition a differentiator is a circuit whose output is propor- 
tional to the rate of change of the input voltage. The time constant of a 
differentiator is short compared to the cycle period of the input voltage; that 
is, the capacitor in the system can be charged and discharged more rapidly 
than the input signal can change polarity. 


The diagram shows an actual and ideal square-wave pulse, the ideal having 
sides that are perfectly straight. Straight sides correspond to zero rise time; 
that is, zero time for the rise in amplitude to maximum, While such a pulse 
cannot be obtained in practice, it lends itself well to simplified explanations. 
The pulse is shown as a positive waveform to indicate that all its changes occur 


in the positive region. 


At point P the pulse amplitude is zero, and it is assumed to rise to Q, its 
maximum value in zero time. After Q has been reached the voltage of the pulse 
remains constant for period t represented by the-horizontal distance Q-X. 
Then the voltage falls rapidly to zero or point Y. The time interval X-Y corre- 
sponds to the fall time and this, too, is assumed to be zero. 


ACTUAL and IDEAL PULSE SHAPES 
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The Differentiator 
RC Time Constant 


The time constant of an RC circuit is defined as the product of the capacitance 
in farads and the resistance in ohms. Basic electricity teaches that when 
voltage is applied to a capacitor a definite time must pass before the voltage 
built up across the capacitor by the charging current equals the applied 
voltage. The higher the resistance in the circuit (and the larger the capaci- 
tance), the longer will be this period of voltage buildup. In а similar manner, 
the higher the resistance (and the larger the capacitance), the greater will be 
the time required for, the capacitor to discharge. By definition the time 
constant is the time required for the voltage to build up to approximately 63% 
of the applied voltage. 


UUU Charge and Discharge Curves RII 


% of charging voltage appearing across C 


RC 2RC 3RC 4RC 5RC 
RC = | Time Constant Period 


If the capacitance of ај RC di i i 4) 
of he ce: n RC differentiator is 0.002 aF [0.000000002 F (farad? 


as a value of 10,000 Q, the time constant in seconds = 
0.000000002 x 10,000 or 0.00002 sec. This time period is equal to the time 


те to complete 1 Hz of a 50-КН2 signal or 1/0.00002 = 50,000 Hz. pai 
10,000 Beor would be a short-time-constant differentiator for frequencies " 
Ае m n à long-time-constant circuit for frequencies of 9 t-or 
ems juggling the value of C and R it is possible to arrange shor 
8-time-constant differentiators for voltages of any frequency. 
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Action of Differentiator 


What happens when a square-wave voltage pulse is applied to a short-time- 
constant differentiator? Suppose we assume the ideal pulse illustrated before. 
The sharply rising leading edge (P-Q) corresponds to a very rapidly changing 
voltage. This produces a sudden rush of charging current through R and C. 
With R of low resistance and C of small capacitance, the capacitor charges 
rapidly to the peak value. The charging current being high, a large voltage- 
drop appears across R while the current is owing. 


The voltage across the capacitor reaches its maximum value rapidly, hence the 
charging current ceases. With no further change in input voltage, the ca- 
pacitor charging current falls to zero. With diminishing current-flow through 
R, the voltage-drop across R gradually falls to zero. Thus the sudden charging 
of the capacitor causes a very sharply peaked pulse to appear across R. 


With the voltage drop across R having fallen to zero while the input voltage to 
the differentiator circuit was constant (at its maximum value), and no further 
current flows through R, the voltage across R remains zero for most of time t. 


Then the applied square-wave voltage suddenly falls to zero. The charged ca- 


расног discharges in the differentiator circuit and a sudden rush of discharge 
current takes place in the opposite direction through R. This develops a large 
voltage drop across R with a polarity opposite to that which prevailed before. 
As the discharge current decreases, the voltage across R also decreases. Hence, 
a negative pulse appears during the time interval X-Y-Z. This pulse, like the 
Previous one reaches zero shortly after the applied voltage reaches its zero 
value, and remains at zero until the next rise in applied voltage. At point Z, the 
next P-Q rise is about to begin, thus repeating the process. 


So it is that a differentiating circuit produces a pulse for each abrupt change in 
voltage applied to the circuit. Because the constants of R and C are small and 
the change in applied voltage is very abrupt, the differentiated peak is very 
Pointed and of very short duration. 


Note that the peak-to-peak value of the differentiated pulse amounts to twice 
the peak value of the applied input voltage. This arises from the condition that 
the amplitude of the positive differentiated pulse is the result of the maximum 
charging current, and the amplitude of the negative differentiated pulse is the 
result of the maximum discharging current—both charging and discharging 


currents having similar peak values. 


Although both the positive or the negative peaks of the differentiated voltage 
can be used, they seldom are. Usually one or the other is clipped, to suit the 
Particular circuit needs. In our case only the positive peaks are used, as oa 
in the illustration opposite. 
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The Effect of the Input Pulse Shape on the Differentiated Output 


We have shown the short-time-constant differentiated output for a square- 
wave input voltage. Suppose that the input voltage pulse is of relatively long 
duration with short zero-voltage intervals. 


The differentiating action does not change. The negative pulse of the differen- 
tiated output for the trailing edge of the input voltage is very close to the 
positive differentiated pulse due to the leading edge of the adjacent input 
voltage pulse. The time relationship, however, between the leading edges of 
the input voltage pulses and the positive differentiated pulses has not changed, 
nor has it changed between the trailing edges of the input voltage pulse and 
the negative differentiated pulses. 


HOW THE DIFFERENTIATOR REACTS 
TO THE VERTICAL SERRATED PULSE. 
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The Differentiator 
Input and Output Voltage in the Differentiator 


Let us now apply a variety of voltage pulses to a differentiating network, as for 
example equalizing, vertical sync and horizontal sync pulses. Three kinds of 
pulses are shown here. All are rectangular but some differ from the others in 
duration. The equalizing and the vertical syne pulses have adjacent leading 
edges which are only one-half horizontal line apart; that is, they have a fre- 
quency of 31,500 Hz. However, alternate leading edges correspond to full 
horizontal line separation of a frequency of 15,750 Hz. The horizontal sync 
pulses have adjacent leading edges that are timed for 15,750 Hz; that is, they 
are a full line apart so that they will trigger the horizontal oscillator once every 
63 psec (the time for the picture tube beam to complete its excursion to the 


right-hand edge of the tube and return to the left-hand side). 


Input and Output PULSE Voltage in the Differentiator 
. pr p к. =r ame fase —. 
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The Differentiator 


Triggering Action 


If the differentiated pulse corresponding to the leading edge of horizontal syne 
pulse 1 triggers the horizontal oscillator, then the differentiated pulses for 
leading edges of equalizing pulses 4, 6 and 8, the leading edges of vertical sync 
pulses numbered 10, 12, and 14 and the leading edges of equalizing pulses 
numbered 16, 18, and 20 will trigger the oscillator, after which time the hori- 
zontal sync pulses again take over. 


Triggering in a Multivibrator 
showing lack of response to half-line triggering pulses. 
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The fact that the equalizing and the vertical sync pulses produce positive-po- 
larity differentiated pulses at half-line intervals (pulses 3, 5, 7, etc.) also does 
not result in improper triggering of the horizontal oscillator because the circuit. 
conditions in the oscillator are such as not to respond to these positive pulses 


from the differentiator. 


Although mos day television receivers do not use direct triggering of 
onuga mos moders SAN non vy he Абеева voltage received from the 
‘Syne circuits, itis aporta towunderstandithhisacton, 
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Horizontal AFC 
Horizontal AFC 


The control of the horizontal sweep oscillator frequency by direct application 
of differentiated pulses would be successful if it were not for the random noise 
pulses that are present in the sync signals. These noise pulses often cause un- 
timely triggering of the oscillator. 


Inasmuch as the sweep oscillator cannot distinguish between various voltages 
applied to it for synchronizing purposes, undesired signals of this variety can 
make the picture-tube electron beam move out of step with the electron beam 


in the television camera. The result is a very unsteady picture; in fact, a picture 
of this kind cannot be deciphered at all. 
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Block Diagram of One Type of Horizontal AFC System 


The horizontal AFC system is designed to keep the horizontal oscillator “on 
frequency." It does this by using an AFC phase detector circuit to compare the 
frequency of the horizontal sawtooth with that of the incoming horizontal 
syne pulses. Usually, the detector compares negative sync pulses with the 
hae waveforms from either the horizontal amplifier or horizontal os- 
cillator. 


Briefly, here's how it works. If the sawtooth frequency changes, the AFC phase 
detector reacts by developing a "correction" dc voltage that it feeds to the 
horizontal oscillator. Thus, if the sawtooth frequency drifts to a below-normal 
frequency, the phase detector develops a negative de correction voltage that 
will raise the horizontal oscillator frequency to normal. On the other hand, a 
higher-than-normal sawtooth frequency develops a positive dc correction 
voltage that lowers the horizontal oscillator frequency to normal. 


Correction Voltage Levels 
$————— HIGH-FREQ CORRECTION 
NORMAL DC LEVEL 
a ————— LOW-FREQ CORRECTION 


COMPARING INPUT SIGNALS WHEN FREQUENCY IS . . . 
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Wor Е ГЇ о 
PHASE А NORIZ. | i PHASE Y ka 
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The AFC phase detector not only sends a correction voltage to the horizontal 


oscillator, but it also couples the syne pulses to the oscillator. Of course, the 
horizontal sync-pulse frequency is not changed as it passes through the xs 
tector; instead, they simply “ride” on the dc correction voltage and pne y 
trigger the horizontal oscillator. Essentially, the phase detector corrects for 
Coarse frequency variations in the horizontal oscillator frequency, while the 


Sync pulses correct for slight variations. 
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A Brief Look at the AFC Phase Detector—Horizontal Oscillator Circuits 


The AFC phase detector circuit shown here is one of the most common types 
used in horizontal AFC systems. This phase detector consists of two solid-state 
diodes, D1 and D2, with their cathodes connected together. These two diodes 
compare the sawtooth voltage that's coupled to the anode of D1 while the 
sync pulse voltage is coupled to the cathodes of D1 and D2. If the sawtooth 
frequency changes, the detector will develop a dc correction voltage that it 
feeds to the grid of the horizontal oscillator tube V1. This correction voltage 
alters the bias which, in turn, alters the frequency of the oscillator, The 
cathode-coupled multivibrator circuit shown here is only one of several types 
that you'll see used as the horizontal oscillator. Other oscillators are variations 
of basic oscillators such as the blocking oscillator and Hartley oscillator. In the 
lessons that follow, we will discuss some of the frequently used types of 


horizontal oscillators. But for now, let's analyze the operation of the cathode- 
coupled multivibrator and its frequency control. 
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Horizontal AFC 


Phase Detector AFC (cont'd) 


The oscillator is an ordinary cathode-coupled multivibrator with one addi- 
tional feature. The presence of Ll in the. plate circuit of one of the triodes 
allows a certain amount of phasing adjustment, as will be indicated later. 
Otherwise, the circuit is perfectly straightforward. With the horizontal hold- 
control potentiometer in its proper position, the output frequency of the 
multivibrator is approximately 15,750 Hz. Now we shall see how a positive or 
negative de control voltage applied to the grid of the controlled triode 
governs the frequency of the multivibrator between limits. 


When a multivibrator functions without outside “interference” from a con- 
trolling stage it produces a waveform something like this: 


POSITIVE GRID EXCURSIONS 


/ v 


Grid Voltage Voltage 


Needed 
to cut 


Waveform of the off tube 


Free-running 
Multivibrator 


Without Interference 


NEGATIVE GRID EXCURSIONS 


In normal oscillation, the grid of the multivibrator tube is driven far down into 

the region below cutoff. The time interval which must elapse before the next 

Positive pulse is obtained from the multivibrator is governed by the length of 

time needed for the grid voltage to decay back to cutoff (over the path A to B, 

in the diagram). Thus, the frequency of the multivibrator—which we want to 
exactly 15,750 Hz—depends to a great extent upon this decay time. 


While the circuitry of multivibrators may vary slightly, the decay time is 

» ually determined by the action of a resistor and capacitor in series. Thus, in 

is M the time constant of an RC network is involved. If the value of R and C 

of ti atively small, the decay will be rapid, and it will take only a short per : 

ar me for the voltage swing to climb to the cutoff level. If the RC value : 

cub the decay time will be slow, and the time taken for the voltage to reac 
off level will be long. 
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Action of the Control Voltage 


Consider now that a negative potential of a few volts is applied to the grid of 
the left-hand triode section, V1. This causes a decrease of the plate current of 
V1 which in turn reduces the voltage drop across the common cathode resistor 
R9; that is, the top of R9 becomes less positive with respect to B— than it had 
been before the application of the new minus voltage on the grid of V1. Now 
we turn our attention to V2. Since its cathode is connected to the top of R9, 
the voltage at this point becomes slightly less positive than it was previously. 
When a cathode becomes less positive this is the same thing as having the grid 
of the same tube go positive. Hence, we see that a negative voltage applied to 


the grid of V1 causes a corresponding positive voltage to appear at the grid of 
v2. 


Action of Control Voltage : 
BRE. at the grid of the Multivibrator 
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With this voltage present the grid of V2 cannot be driven as far negative 
during the cycle of the multivibrator oscillation as it was before. The wave 
form under these changed conditions appears as a solid line in the illustrato? 
above, in contrast to the waveform obtained without the control voltage 
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The Phase Detector 


We'll begin our analysis of this stage by first tracing the separate signal paths 
for the sync pulses and the sawtooth, and then tracing their composite effects 
in the circuit. The negative sync pulses from the sync amplifier are coupled 
through capacitor Cl to the cathodes of diodes D1 and D2. Each time a 
negative pulse arrives, it causes current from C1 to divide through resistors R1 
and R2. Since the polarity of voltage developed across each resistor forward 
biases their respective diodes, each diode acts like a short. Thus, most of the 
current is shunted through the diodes rather than through R1 and R2. Since 
the configuration of R1 and D1 equals R2 and D2, each configuration deyelops 
an equal voltage drop. Furthermore, since the polarity across R1-D1 opposes 
the polarity across R2-D2, the values of voltage drops oppose each other, also. 
Thus, the value of voltage from the anode of D1 to ground equals zero volts. 
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Horizontal AFC 


The Phase Detector (cont'd) 


Now let's examine the sawtooth current path. The sawtooth generated at the 
horizontal output circuit is fed back through capacitor C4 to the detector net- 
work. Since capacitor C4 finds a charge and discharge path to ground, through 
the detector network, the sawtooth voltage rises above and below the zero 
volts reference level. Thus, when the sawtooth alternates in a positive di- 
rection, the charge path is from ground through resistors R1 and R2 toward ca- 
pacitor C4. During this charging path, the polarities developed across R1 and 
R2 are such that R2 places a positive polarity at the cathode of D2, and R1 
places a positive polarity at the plate of D1. Thus, diode D2 is reverse-biase 

into cutoff and diode D1 is forward-biased into saturation. Since D1 acts as а 
short across R1, the value of voltage across R1-D1 is zero. But since D2 acts as 
an open circuit across R2, the full positive voltage alternation is developed 
across R2-D2. During the next alternation, the polarities developed across R1 
and R2 are now reversed so that R1 places a negative polarity at the anode of 
D1 and R2 places a negative polarity at the cathode of D2. This polarity 
change now causes D1 to be reverse biased into cutoff, while D2 is forward 
biased into saturation. The full negative alternation is developed across R1-D1. 


Sawtooth Path Through Detector During . . . 


POSITIVE ALTERNATION NEGATIVE ALTERNATION 


pru gom how the combination of the sync pulses and sawtooth wort 
ес uring normal and “‘off-frequency” conditions. During nor in 
qe ick sync pulse and sawtooth arrive at the phase detector as tà the 
Est irae c Notice that the negative sync pulse rides on the slope 0 t 
the resultant а vel reference level. If the sawtooth remains “on frequen’), 
c carrection voltage wr cause each diode circuit to conduct eae is, 
therefore, about zov t results across the phase detector ne 
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Horizontal AFC 


The Phase Detector (cont'd) 


Now let's consider what happens to the superimposed waveform when the 
sawtooth frequency is too high. Since the sync pulses remain fixed, occurring 
every 63 psec, the slope of the sawtooth will shift to a point slightly before its 
normal position. Essentially, the shifted sawtooth causes the sync pulse to ride 
ata high position on the slope. When this occurs, the conduction of the two 
diodes becomes unbalanced. Since the sync pulse moves in a positive direction 
on the sawtooth, the phase detector conducts more during the positive 
sawtooth alternations. Thus, the resulting waveform produces a greater 
Positive voltage across diode network R2-D2. The overall effect is that a 
positive de correction voltage is fed back to the oscillator grid, returning the 


horizontal oscillator frequency to normal. 


Low Oscillator 


Frequency 
Results in 
Negative DC 
Detector Output - 
jetector Outpu! DIODE [o2] ——. 
CONDUCTS MORE 
WHEN SYNC PULSE 
IS HERE 
High Oscillator * 
Frequency 
Results in 0 
"t 


Positive DC 
Detector Output 
- DIODE | DI 


CONDUCTS MORE 
WHEN SYNC PULSE 
IS HERE 


Now let's consider what happens when the sawtooth frequency is too low. A 
th slope to occur later in time 


Ower sawtooth frequency causes the sawtoo à 
Compared to the sync pulse. The sync pulse, therefore, now shifts to a lower 
Position on the sawtooth slope. The combination of the two waveforms 
Produces a net voltage which is now greater in value than the positive 
sawtooth alternation. The overall effect now causes the diode network R1-D1 
to develop a greater negative voltage drop than across diode network R2-D2. 
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Horizontal AFC 
AFC System—Antihunt Circuit 


During the operation of an AFC system, the horizontal oscillator may change 
frequency by as much as 400 Hz above or below the normal 15,570 Hz. A 
typical range of de correction voltage developed in the AFC detector is about 
—4 V to +4 V. Thus, if the horizontal oscillator rises to about 16,000 Hz, the 
phase detector will develop about a positive 4 V. On the other hand, a below- 
normal frequency of 15,400 Hz would be corrected by a negative 4 V. In the 
example we have used, the frequency-to-voltage correction is about 100 Н2/У. 


In more sensitive oscillator circuits, smaller values of voltage will produce 
greater frequency changes. 


The rate of correction, however, is not instantaneous. If it were, the AFC 
system would be correcting the oscillator for every momentary interference 
and unwanted noise pulse. To overcome this instantaneous reaction, a filter 
network consisting of R3 and C5 is used to function as a time delay. 


Another essential part of the AFC phase detector circuit is the antihunt net- 
work which consists of a series RC circuit, R4-C6. This RC combination is de- 
signed with carefully selected values of R and C to provide a time constant of 
about 500 psec. Typical capacitor values are about 0.010Е, and resistor values 
are about 50,000 0. By selecting the appropriate values of R and C, the an- 
tihunt network will charge and discharge to the de correction voltage at a 
suitable rate. Without the antihunt network the de control voltage would 
cause the oscillator to swing not only to 15,570 Hz, but also beyond it. 
Thus, the oscillator may swing from 15,700 to 15,800 Hz, instead of locking-in 
at 15,750 Hz. As a result, the phase detector without the antihunt network 
would continually sense error frequencies, and would try to correct for them. 
This action is called hunting. By using the antihunt network, the RC circuit 


gradually changes the voltage to the value required to lock the oscillator t° 
15,750 Hz. 

| ANTIHUNT 

| FILTER CIRCUIT CIRCUIT 
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Horizontal AFC 


A М 
nother Type of Horizontal АЕС System—Pulse-Width or Synchroguide 


Thi 
Feely popular AFC system dispenses completely with discriminators, 
a rien ніг пре and phase ог frequency comparers. It is more eco- 
| gehn i y and requires fewer tubes, the horizontal oscillator and control 
S hes ly being contained ina single dual-triode envelope. The horizontal 
Copie is customarily a biocking type rather than a multivibrator be- 
SN hace стц is more responsive to small de control voltage variations 
E ction se only one tube (rather than two) is needed for the oscillator 


она circuit of a pulse-width system is drawn out on page 4-98. Two sets 
al orms are fed to the control grid of V1, the control tube: one of these 
boo пола incoming sync pulse voltages while the other is a parabolic 
wie Tm. i tained by combining a part of the horizontal output system sweep 
eae bw varying plate voltages from the blocking oscillator. The parabolic 
inthe 4 own emerging from the block labeled ' horizontal deflection system" 
ihe] lagram. The cathode biasing resistor for V1 is sufficiently large so that 
fore ncoming parabolic waveform just drives the grid voltage to the point be- 
coe begins; that is, the tube is biased slightly below cutoff for the 

li а: of the parabolic waves. If there were no additional pulse voltages ap- 
Plied to the grid of V1, no plate current would flow. 


| oe sync pulses arrive, they combine with the parabolic wave. If the system 
bile ectly synchronized, the peaks of the parabolic waveform join the sync 
[ng at the coincidence time shown in A. Here it may be seen that the sync 
i combines partly with the gradually rising leading edge of the parabola 
Es €— with the trailing edge. At the leading edge, the tube is driven into 

nduction for an interval represented by the horizontal portion of the pulse 


àbove the cutoff line. 


during the interval shown in A and, on its way 
duces a voltage drop such that a small positive 
lator V2. It is assumed that now 


Hence, plate current flows in V1 
rough cathode resistor R2, pro 


ped applied to the grid of blocking oscil 
orizontal oscillator has an output of 15,570 Hz and is perfectly phased 


ry 
iue sie pulses. In other words, this small control voltage keeps the 
tends its bees on frequency. Suppose that the horizontal oscillator now 
Should; ЕЕ up. As a result, the parabola will reach its peak sooner than it 
Moves Am s transmitted sync pulse still will arrive at the same time. This 
trol tube | pulse closer to the trailing edge of the parabola and kicks the con- 
ТЕО into the conducting region for a shorter time than before, as shown in 
Voltage Eom n the average plate current of V1 to decrease. In consequence, the 
comes КЕ across R2 also decreases and the control voltage at the grid of v2 
of a blockin positive than before. Applying a less positive voltage to the grid 
Voltage p, king oscillator causes its frequency to decrease. Thus, the contro! 
rings the blocking oscillator back to 15,750 Hz. 
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Horizontal AFC 


Pulse-Width ог Synchroguide AFC (cont'd) 


When the horizontal oscillator slows down due to some voltage or circuit 
change, the condition shown in C is encountered. Here, the parabola arrives 
late with respect to the sync pulse and V1 is driven into conduction for a 
longer interval. The net effect of this is to increase the average plate current of 
V1, make the control voltage more positive, and cause V2 to speed up—or to 
return to 15,750 Hz. Like a system of checks and balances, a wavering hori- 
zontal oscillator is gently prodded from side to side by the control voltage 


each time it attempts to wander. 


The control voltage is an average value obtained by the integrating action of 
capacitor C3. The final potential used for control is built up over a few cycles 
of oscillator operation since C3 does not charge instantaneously to the peak 
voltage. A few synchronization pulses must be received before C3 reaches its 
stable state for perfect synchronization. This is an advantage because it makes 
the system immune to short, sharp noise pulses. Such interference could trig- 
ger the horizontal oscillator if the AFC system were one in which synchroniza- 
tion took place cycle by cycle. The averaging action of the cathode bypass ca- 
pacitor and resistor is such that the dc control voltage fed to the grid of V2 
changes gradually; hence, it does not respond to single, isolated pulses re- 


sulting from noise voltages. 


AFC Controls 


d for this AFC system: The hori- 


In most receivers two controls are provide 
h the B+ supply lead which es- 


zontal hold is a potentiometer in series wit 
tablishes the correct basic oscillator frequency of 15,750 Hz. It is then the job 
of the AFC system to prevent this from drifting, even slightly. The second 
control is generally labeled "horizontal locking range" and consists of a 
smaller trimmer capacitor in the grid circuit of the control tube (V1). This ca- 
pacitor helps to phase the pair of incoming waveforms so that the sync pulse 
falls on the correct part of the parabolic waveform when the oscillator fre- 


quency is exactly 15,750 Hz. 


THE SYNCHROGUIDE AFC CIRCUIT contains controls 


[ 
' 


1 ! 
0 
МЕ | 
9. | 
i 
Ц 
ПР ИЕ МИ 
MEE 
ПАВЕ: | 


e 
EAE I 
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Horizontal Hold Horizontal Locking Range 
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Horizontal AFC and Oscillator 
Horizontal AFC System with Another Type Oscillator 


Here is another type of horizontal oscillator. This one, however, uses a tuned 


circuit consisting of L1, Cl, and C2 to help establish the oscillator frequency 
with the help of cathode RC network R1 and Cl. 


In this type of horizontal oscillator, the tank circuit resonates at approximately 
15,750 Hz, using a variable inductor to adjust the frequency. As the tank cir- 
cuit resonates, it divides the ac voltage across Cl and C2. The ас voltage de- 
veloped across Cl is also developed across Rl and is fed directly to the 
cathode. The alternating voltage is sufficiently high to drive the tube into satu- 
ration. When the tube conducts heavily, capacitor C1 charges from ground 
through the tube to the positive supply. This initial charging surge drives the 
tube far into cutoff. When the tube cuts off, capacitor C1 begins discharging 
from ground through resistor R1. Since the time constant of R1-Cl is about 
63 usec, the tube remains cut off until the tank circuit swings in the negative di- 
rection. The negative alternation drives the tube momentarily into saturation. 
Capacitor C1 recharges quickly through the tube, returning the circuit to 
cutoff. Thus, the tank circuit along with the charging and discharging of R1-C1 
recycle the tube into short periods of conduction and long periods of cutoff. 
The free running frequency of the oscillator is slightly lower than 15,750 Hz, 
producing an output that recycles slightly longer than 63 psec. The positive 


syne pulses that arrive at the grid occur slightly before the “free-running” time 
of conduction. Each sync pul 


se, therefore, sharply triggers the oscillator into 
conduction every 63 usec. 


SYNC PULSES AND CATHODE BIAS VOLT 
Cathode 


Cutoff 


Grid a I. 1 dae 
be 63 usec 
SYNC PULSE AND SINE WAVE 


со. 
About 15,750^. 


plate circuit. During the long periods 


Now lets analyze what h 
when the tube сонд 


capacitor C5 charges through resistors R4 and R2 
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Horizontal Oscillators 


Transistor-Type Horizontal Oscillators 


Next are a few common types of horizontal oscillators using basic variations of 
either the Hartley oscillator or blocking oscillator. In the Hartley-type hori- 
zontal oscillator the inductor L1 is center tapped and connected to the emitter 
through resistor R2 (at center tap) and capacitor C2 at the top end of the in- 
ductor. The circuit functions similar to the tube-type Colpitts oscillator we 
have just discussed. The ac voltage developed across the inductor is coupled 
through capacitor C2 to the emitter. When the PNP emitter becomes positive, 
and forward biases the transistor, the transistor drives swiftly into saturation. 
At this time, C2 charges from negative through R4, R3 and transistor to C2,,L2 
and ground. After a short period, the transistor is cut off as C2 discharges 
through R2 and coil, as shown by the solid arrow. This discharge path develops 
a negative voltage across R2, but gradually reduces in value until it reaches the 
forward bias or conduction state. The sync pulses, of course, trigger the base 
before the circuit reaches its free-running rate. The negative sync pulses drive 
the oscillator into saturation, causing C2 to charge once more, in preparation 
for the next cycle. 


The collector output consists of an asymmetrical square wave having narrow 
positive and wide negative pulses. These pulses are fed to following stages such 
as the transistorized pulse shapers and pulse drivers to be formed into precisely 


the desired sweep voltage. 


DETECTOR 


Horizontal Oscillators 
Transistor-Type Horizontal Oscillators (cont'd) 


The transistorized blocking oscillator-type function is similar to the tube-type 
blocking oscillator that we covered earlier. There are two essential differences 
that you'll notice, however. This transistorized version incorporates a hori- 
zontal frequency control and transformer coupling to the horizontal driver 
stage. In this stage, the blocking oscillator uses an NPN transistor and, 
therefore, has the collector returned to a positive source, and the emitter 
returned to ground. Thus the transistor conducts from ground through R4, 


- When the transistor conducts, a positive 
4 establishing self-bias for the circuit. 


To horinaa 


Review 


l. The Horizontal Sync Circuit 
Action. The sync separator-amplifier 
furnishes two outputs: One which 
contains the vertical sync signal is 
fed to the vertical integrator, the 
other which may be considered to 
be the horizontal sync signal, is fed 
to the horizontal sweep oscillator. 


3. The RC Time Constant of an RC 
Circuit is defined as the product of 
the capacitance in farads and the re- 
sistance in ohms. By definition the 
lime constant is the time required 
for the voltage to build up to ap- 
proximately 63% of the applied 
voltage. 


HOW THE DIFFERENTIATOR REACTS 
TO THE VERTICAL SERRATED PULSE. 


Ева Diagram of Sync Сіз Which Feed the Sweep rase 


сове 
Voto шаш. 


suc rasis 


To vranca sete CIRCUITS. 
заста __ 


10 XONZONTAL SWEEP CRCUITS 


2. The Differentiator is located in 
the output system of the syne cir- 
cuits. It consists of a simple com- 
bination of resistance and capaci- 
tance having values such that a 
square or rectangular pulse fed into 
the system will result in a sharply 
peaked output pulse. 


U harge and Discharge carves MUNN 


Бе 


55535: 


4. The Effect ој the Input Pulse 
Shape on the Differentiated Output. 
If the input voltage pulse is of rela-. 
tively long duration with short zero 
voltage intervals between, the 
negative pulse of the differentiated 
output for the trailing edge of the 
input voltage is very close to the 
positive differentiated pulse due to 
the leading edge of the adjacent 
input voltage pulse. 
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Review 


NOISE Sigaals па the pns Рани. 


Noise Pulses 


" T— s МУ 


Synehroatatag Pulses 


6. The Horizontal AFC System is 
designed to keep the horizontal os- 
cillator “on frequency." It does this 
by using an AFC phase detector cir- 
cuit to compare the frequency of the 
horizontal sawtooth with that of the 
incoming horizontal sync pulses. 


4 
CATHODE-COUPLED 
MULTIVIBRATOR 


8. Phase Detector, In normal os- 
cillation, the grid of the multivi- 
brator tube is driven far down into 
the region below cutoff. The time 
interval which must elapse before 
the next positive pulse is obtained 
from the multivibrator is governed 
by the length of time needed for the 
grid voltage to decay back to cutoff 
over the path A to B in the diagram. 
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5. Horizontal AFC. Random noise 
pulses are present in the sync signal. 
These noise pulses often cause un- 
timely triggering of the oscillator. 
Undesired signals of this variety can 
make the picture-tube electron 
beam move out of step with the 
electron beam іп the television 
camera. 


-— нам FAC соино 
— ror sc rte 
B= emo coentros 


T ну 


COMPARING INPUT SIGNALS WHEN FREQUENCY IS . 
BELOW NORMAL «ABOVE NORMAL 


JL 


7. Another Horizontal AFC System 
—Phase Detector. The horizontal 
oscillator is a cathode-coupled mul- 
tivibrator with an additional coil L1 
in the plate circuit of one of the 
triodes to allow a certain amount of 
phasing adjustment. With the hori- 
zontal hold control potentiometer 
in its proper position, the output he 
quency of the multivibrator is abou 

15,750 Hz. 
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posta сто FACURHON 


Grid Voltoge 
Waveform of the S7 
Free-running 
Multivibrator 


Without Interference 


N 


\ iconos 
Prcara cum Ux 


Horizontal Drive 


The Horizontal Sweep Circuit 


The horizontal sweep circuit in many ways resembles the vertical sweep circuit 
previously discussed, as we can see in this block diagram. 


Block Diagram of HORIZONTAL SWEEP CIRCUIT 


j 


HORIZONTAL 
YOKE 
WINDING 


3 


HORIZONTAL 
OUTPUT 
TRANSFORMER 


HORIZONTAL 
OUTPUT 
TUBE 


The final function of this system is to provide the necessary current waveforms 
to the horizontal winding in the picture-tube yoke for the purpose of sweeping 
the electron beam across the screen. The horizontal sweep action produces the 
scanning lines of which the image is composed. In addition, the horizontal 
output system supplies the high-voltage power supply with driving voltage, 
boosts the B+ from the low-voltage power supply to increase the efficiency of 
the horizontal output tube itself, and provides the pulses needed for the AFC 
system, automatic gain control arrangements, and the video blanking pulses. 


As we shall see, the horizontal sweep section of the television receiver is 
unusual in that so many parts depend on other functions for their own proper 
operation. The horizontal output stage must receive a sweep voltage of the 
Proper frequency and amplitude and shape, from the horizontal oscillator or 
discharge circuit. This sweep voltage is then fed to the horizontal output tube 
which provides horizontal sweep power to the deflection coils. To match the 
impedance of the deflection coils to the horizontal output tube we make use of 
the horizontal output transformer. The illustration shows also a damper 
section. This consists of a diode tube and associated circuitry that aids in the 
Wave formation of the horizontal deflection currents in the deflection coils. 
During the operation of all this circuitry, a high-voltage pulse is developed 
across the horizontal output transformer that is used in obtaining high voltage 
vd the picture tube. AII this circuitry works together in a smoothly integrated 
network, 
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The Horizontal Discharge Circuit 


In discussing the vertical output system, we noted that an пера не 
the discharge circuit is used in connection with the vertical osci sca s 
produce a voltage having the required waveform, ће, the waveform neet de 
cause a sawtooth current to flow through the vertical deflection coils in 
yoke. The same goes for the horizontal output system. 


The Discharge Tube Circuit 4 4 


DISCHARGE 
TUBE 


с; 


Ra AW 


Horizontal Output 


iu 


0) 


from 
horizontal 
oscillator 


There are two general methods in use to produce the correct discharge wave- 
form. The simplest of these uses a resistor and capacitor in the same arrange- 
ment as the discharge circuit discussed in connection with the vertical os- 
cillator. In the diagram describing the AFC circuit using the cathode-coupled 
multivibrator on previous pages, R16 and C12 make up a network which 
produces the sawt 
is used in combination with an RC network to form the output pulses into the 
desired shape. The resistance of R3 is 


C2 charges relatively slowly through the path formed by the sequence of B+ 


resistor during the time 
the waveform. When a Г 
Pears at the grid of the discharge tube, the tube conducts suddenly and quickly 
discharges C2 and R3. 

as shown at B of the res 
Pacitor C2 produces a 
same time, giving rise 
Voltages is, as we hav 


me th 
ezoidal waveform. This is the voltage waveform needed to drive a У | 
the yok through an inductive winding such as the horizontal deflection C 
e yoke. 
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The Horizontal Output Stage 


The horizontal output stage in today’s television receiver invariably consists 
of a high-efficiency type of power or beam pentode, an output (flyback) 
transformer, and associated small components. The other parts of the hori- 
zontal output system, in distinction to the output stage, may be listed as: the 
horizontal deflection coil in the yoke, the damper circuit, the high-voltage 
power supply, the B+ boost circuit, the linearity control and the width con- 
trol. Let us analyze each of these in turn, starting with the horizontal output 
stage. 


As we have seen, the grid input to this stage consists of trapezoidal voltage 
pulses from the discharge circuit which follows the horizontal oscillator. 


Consider a simplified output circuit like this: 


The Horizontal Output Stage Bo ИЕ 


u E. 

P Horizontal 
Cutoff i Р pee 

-] 1 Horizontal Transformer 


Output 


INPUT TRAPEZOIDS 


= Ly ) Horizontal 
S Coils of 
о L2) Yoke 


From Horizontal C1 


Oscillator 
Discharge Circuit 


Trace and Retrace Time 


The voltage applied to the grid of the output tube rises at a steady rate from O 
to P. When it reaches P it takes a sharp drop in the negative direction to Q. 
Then there is a short interval while the voltage goes from Q to X, after which it 
rises suddenly to Y and starts a new cycle. The period from O to P represents 


trace time and the time from Q to X retrace time. 


time is the period during which the electron 
deflected uniformly, at a relatively slow rate 
hind a flowing line which ultimately 


As the drawing shows, the trace 

um of the picture tube is being 

E ross the face of the tube, leaving be 
tms a part of the picture. 


4-107 


Horizontal Output Circuits 


Trace and Retrace Time (cont'd) 


The Trace and Retrace Time 
This slow rise in voltage moves the beam 


Írom left to right --- the forward trace. MM 25-24 


E 


< 
During This Interval, 
RETRACE Occurs, 


SS 
PIX TUBE SCREEN 222 


During retrace or flyback, the electron beam is blanked out. (That explains 
why we show the retrace line as a dashed line in the drawing.) It returns to the 
left side of the screen to begin sketching the next line of the picture. 


The Plate Current Waveform At the same time, the plate current 


follow а 

at the of the output tube tends to D 

ET h Output Tube pattern like this illustration. pae 

BE plate current cannot flow when f 

u5 tube is cut off, the dashed section 
о о 


the plate current waveform shows 
that portion of the grid volte. 
input beyond cutoff. During !^! 
time, plate current is zero. 


‘ id 
ets the waveform is the same as that of the voltage applied to the g" 
of tbe out; i 


rent in each cycle fro, 
which makes possible th 
the picture tube, 


You will recall 
tromagnetically 
owing in a coil, 


the induced emf is lar, i e e 
e. Cert re 
Um. : gi ainly, a greater rate of change o 


lec 
from your work in basic ac that the magnitude of a ren 
induced emf depend; upon the rate of change of rapid 


t tha? 


Horizontal Output Circuits 


Some Transistorized Horizontal Output Stages 


Transistorized horizontal sweep circuits usually have one or more transistor 
circuits between the oscillator and the output amplifier. These intermediate 
Stages help to shape and amplify the horizontal pulses before they drive the 
horizontal output amplifier. Generally, transistorized horizontal stages use 
transformer coupling to insure adequate impedance matching at the input and 
Output of each stage. In addition, NPN and PNP transistors are commonly 
used in various combinations. 


HORIZ =} TH h- "ld. LUE HORIZ 
osc OUTPUT 
VA 03 


QI 


In the first horizontal sweep system, the horizontal oscillator is similar to 
the one you studied in the last lessons. The 01 collector output feeds Q2 a 
series of short duration negative pulses through the peaking network consisting 
of L1 and RI. Since 01 is directly coupled to Q2, the Q1 collector voltage es- 
tablishes bias voltage for Q2. Thus, when the collector voltage swings in a 
negative direction, Q2 becomes forward biased and conducts heavily until Q1 
collector voltage swings once more in a positive direction. Essentially, 9: 
Unctions like a switch, closing and opening to the negative and I A 
ternations of the asymmetrical square wave from 01. The ee aa, e 
amplifier Q3 (PNP) functions like a switch also, conducting os E H 
Negative pulses and cutting off during the positive pulses develops mne quus | 
Sawtooth sweep current. In the second horizontal sweep system, the ave ial 
ifference is the addition of the horizontal pulse shaper. The pilae mapat 
Owever, is a dc coupled amplifier, having a dc coupled input and providing dc 
Coupling to the horizontal driver Q3. 
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Horizontal Output Circuits 
The High-Voltage Flyback Transformer 


As the schematic diagram of the simple horizontal output stage shows, oe 
a coil in the plate circuit of the tube. As we shall show later, this coi 2 15 
primary of a transformer which is needed to provide the correct impedan 

match for the yoke winding L1 and L2. In practice, the transformer primary 


winding is modified by adding turns and extending the winding on the same 
core, in this fashion: 


The Horizontal Output Transformer (Flyback) | 


Horizontal Output 


HIGH VOLTAGE 
(ac) 


Ls is Primary. 
L4 + 13 is Autotransformer Secondary 


Ls: is Deflection Secondary to Match 
Yoke Coil Impedance 


+5 


Li 12 are Horizontal Deflection Coils in Yoke 


L3 and LA together make up an autotransformer. The operation of this type of 
transformer follows the same pattern as that of an ordinary transformer. 
may provide voltage step-up or step-down, depending upon its constructio? 
and connections, the voltage ratios being determined by the same simple ru y 
which apply to the two-winding types. For example, the voltages that migh 


be obtained from a typical autotransformer are compared with a similar tw” 


winding transformer in this diagram. 


e 
100 y Output Voltage output vols 
ac = 10,000 у 10,000 V 
ac ac 
100 turns 


100 V 


100 turns 
ac 


TRANSFORMER 


AUTOTRANSFORMER 
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Two Types of Flyback Transformer 


Returning to our output system, when the time for the flyback of the scanning 
beam arrives, the sharp drop in current flowing through L3 induces a high 
voltage across this portion of the winding. This in turn induces an extremely 
high voltage across the whole winding L4, since L4 contains many more turns 
than L3. If this high voltage is now rectified, we will have the de voltage that 
the picture tube requires. 


The horizontal deflection voltage appears across the secondary winding L5 by 
regular transformer action. Since L5 is matched to the impedance of the hori- 
zontal deflection coils L1 and L2, a large current having the waveform 
essential to proper sweep of the picture tube electron beam will flow in these 
coils. Later, we shall discuss this at greater length. 


The horizontal output transformer is called the flyback transformer because 
the high voltage just discussed is developed during the flyback interval of the 
scanning voltage. Two types of horizontal output transformer have been 
widely used. 


To High-Voltage 
Rectifier 


To High-Voltage 
Rectifier 


DAMPER DAMPER 


HORIZONTAL 
OUTPUT 


HORIZONTAL 
OUTPUT 


To Horizontal 


flection 
Dolls To Horizontal 
Deflection 
Coils 


ISOLATION-TYPE FLYBACK 


TRANSFORMER-TYPE FLYBACK 


The two-winding or “isolation” type flyback transformer was used mostly in 
the early days of television. The autotransformer flyback has since gained in 
Popularity and is used widely in modern television receivers. In the auto- 
transformer type flyback there is just one continuous winding, with taps for the 
high-voltage rectifier, horizontal output tube, damper, horizontal deflection 
coils, and B+. The only important difference between the two types is that the 
voltages fed to the damper and horizontal deflection coils will be inverted in 
one with respect to the other. This is the result of the separate secondary in 


one and not in the other. 


In the diagrams of the output circuit, there is a small capacitor across one of 
the horizontal deflection coil windings. This is called a balancing capacitor and 
is used to prevent coupling between the vertical and horizontal deflection coil 
windings in the yoke. For proper balancing it is connected across the "high" 
side of the horizontal deflection coil. 

4-111 


Horizontal Output Circuits 
The High-Voltage Power Supply 


high ac 
The output voltage at the top of the flyback transformer pes dux: ho ee 
potential with reference to ground. The second anode oft wr eie To the 
quires dc, however, so the flyback output must be rectified an от c 
previous circuit we have added a high-voltage rectifier tube, a ves cet 
and a filter capacitor Cl. One of the most interesting features о bere. 
the method whereby the high-voltage rectifier obtains its filamen p о usually 
or two loose turns, well sheathed in high-voltage insulating tubing, вон ec 
placed near L5 around the same core. Since most high-voltage re 


hé sed in these 
quire about 1.5 V across their filaments, enough voltage is induced i 
turns to do the job. 


The high-voltage re 
Each time the plat 
transformer, current 
the low-voltage pow 


2 ircuil. 
ctifier is connected in a simple half-wave rectifier ERA 
e is made positive by the voltage pulse in vh een. 
flows from filament to plate, through L4 and 13, itor СВ 
er supply to ground and back to the filter сараи as 
Thus, CI charges to the peak voltage of the high-voltage ac—often as r 


3 ied directly to the 
20,000 V in modern 21-in. receivers. This voltage is then applied direct 
second anode of the picture tube. 


The filter capacitor must hav 


it may break down and destroy itself. Fortunately, its capacitance ith small 
have to be very high so that the capacitor can be quite small. Even p long 25 
capacitances, filter capacitors can provide adequate filtering gogon, "his is the 
the ac voltage applied to the rectifier is high in frequency. Certainly, ontal 05 
case here. The frequency is 15,750 Hz—the frequency of the horiz al 


cillator that supplies the pulses required by the flyback transformer. T 
capacitance of C] is 500 mo 


wise 

А ; 5 ; other 

е а very high voltage rating, of course; not 
? does 


Flyback Transformer 


| ü i: i Filter ResistoF 4 
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High-Voltage | лим Г: 
Power Supply un E 
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The Damping Circuit 


In the vertical output system, a pair of damping resistors connected across the 
vertical deflection coils was sufficient to prevent the effects of ringing or shock 
oscillation in the coils. However, due to the high scanning frequencies in- 
volved in the horizontal deflection system, damping resistors cannot do the job 
adequately. 


These waveforms show the effect of the changing output tube grid voltage 
upon the deflection coil current and voltage. 


VOLTAGE AT GRID OF HORIZONTAL OUTPUT TUBE 
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tube drops suddenly 
ly. The secondary cir- 
he form of secondary 


У 
пое the voltage at the grid of the horizontal output 
ae of oae plate current of the the а ааа 
indi contains a great deal of in 
ae L5 and елите L1 and L2. The sharp cutoff of aren — 
high пене field around L1 and L2 to collapse suddenly and I m da 
о pee tage across LI and L2 in the form of a counter emf. TI is ~ “и e. 
stray „Stem into self-oscillation. АП the inductance 1 the paced der 
Vicini "Pacitances that are present form а tuned circuit which reso 1 


к i vaveform dia- 
Bram Y ol 70 to 80 kHz. These oscillations, as pictured in the wavelo 


Y аі in the low 
Fetistanoe тате for a large part of the cycle before being dissipated t pend 
Pletely а of the coils and, if permitted to occur unhampered, 


estroy the picture quality. 
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The Damping Circuit (cont'd) 


te portion of this shock oscillation: ala 
ed in the yoke as a result of the — i 
ssipated very slowly. This would resu p 
in the deflection winding. A lingering nd 
eis very detrimental because the flyback (retrace) is not We 
pleted before the next scanning line appears. This produces an effect ca 


horizontal foldover, where the picture folds back over on itself. 


The 70-80-kHz oscillation permits a heavy inductance to exhibit a fast eos 
that is, the first half-cycle of the shock oscillation (P to Q) speeds the = а 
of the yoke current for rapid retrace, Since oscillation of this frequens, i 1 
14 usec, the first half-cycle is completed in a ~“ 50 
nking time of the video signal is close to 10 es f the 
re than enough time to return to the left side о 
screen before the next lin 


ycle is completed, hpweven po 
· Its removal is accomplished by the 


per 


Flyback 
Transformer 


Horizontal 
Output 
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The Damping Circuit (cont'd) 
Asyc examine the circuits, you note the following: 


1. The damper tube is a diode which is connected in parallel with the hori- 
7. tal deflection coils L1 and L2. The capacitance of С] is chosen so that 
its 'eactance at 15,750 Hz is negligible. 

2. T' - B+ voltage supply to the plate of the horizontal output tube now 
follows a path through the damper tube, through L7 (the linearity coil 
which will be discussed shortly) and finally through L3 to the plate. 


During the interval A-P of the forward trace the horizontal output tube is con- 
ducting. Throughout this period, current flows up from ground through the 
cathode resistor, the output tube, down through L3, through L7 and the 
diode, to B+. No shock oscillation can possibly occur under these conditions 
because the horizontal output tube is acting as the damper—that is, it “loads 
down" the deflection coils. 


At the completion of the line-scanning interval, the current in the yoke drops 
sharply (P to Q). The voltage across L1 and L2, produced by the collapsing 
magnetic field, reverses, making the plate of the damper diode negative with 
respect to its cathode. In this condition, it becomes an open circuit and the 
half-cycle of oscillation (P to Q) takes place unhampered. You will recall that 
this balf-cycle is essential for fast retrace. 


At the completion of the half-cycle (point Q), the yoke current reverses, at- 
tempting to continue the damped oscillation. As it does so, the plate of the 
diod » becomes positive with respect to its cathode due to the reversed voltage 
drop, the diode conducts, and causes the yoke current to fall slowly and 
linearly toward zero. Contrast this low, even decay with the oscillatory decay 


shown below. 


WITH DAMPER 


DEFLECTION 
CURRENT 27, 


WITHOUT - DAMPER 
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Once the yoke current decays to zero, the output tube conduction cycle again 


takes over, maintaining a uniform, linear rise of yoke current as required for 
proper sweep. 


Until now it was assumed that yoke current flowed during the entire linear rise 
in horizontal output tube grid voltage. While this is true, it is not all the result 
of grid voltage. Recall that approximately one-third of the grid waveform oc- 
curred while the horizontal output tube was cut off. Thus, plate current flow in 
this tube accounts for only two-thirds of the yoke sweep current waveform. 


The diagram shows how plate current flows at point A and continues for about 


two-thirds of the yoke current waveform. When the grid voltage drops sud- 
denly into cutoff, the magnetie field around the horizontal deflection evils 


collapses, shock-exciting the horizontal output system, as described, moving 
the beam from right to left (retrace). When the boat has completed ils retrace 
and is at the left side of the screen, the damper begins to conduct (B), and 
places a heavy load across the deflection coils. This damps the oscillations and 


provides the sweep current for the first one-third of the deflection-coil current 
waveform. 


As the rate of energy decay becomes nonlinear, the horizontal output tube, 


which has been in cutoff during retrace and the first one-third of the horizontal 
sweep, begins to conduct. With proper adjustment of the linearity coil, the 
damper decay and the start of horizontal-output tube conduction are arrange 


50 as to increase and give the current waveform in the deflection coils an even 
rise, 


~ HORIZ. OUTPUT 


TUBE PLATE CURRENT NET DEFLECTION 


and DAMPER 
CURRENT 
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The Auxiliary Low Voltage Supply—Boost Voltage 


To high-voltage rectifier 


To 
horizontal 
output tube 


The DAMPER TUBE 


During the time that the damper diode conducts, to stop yoke oscillation, the 
flyback voltage developed across the deflection coils L1 and L2 is in such a di- 
rection as to make the plate of the diode positive with respect to its cathode. 
Hence, current flows and charges Cl positively with respect to B+. If we now 
trace the plate voltage supply path for the horizontal output tube back 
through L3, L7, and Cl to B+, it is apparent that Cl is in series with the 
voltage applied to the output tube plate. Therefore, whatever charge appears 
on Cl (due to the self-induced voltage in the yoke coils) it is added to the 
normal low-voltage supply. This “ boost" permits the set designer to get better 
efficiency and output from the horizontal output tube circuit and is an im- 
portant function of the damper tube circuit. The additional voltage thus ob- 
tained often ranges as high as 200 V or more above that of the regular B+ 
voltage. 


The boost voltage developed is sometimes called the “bootstrap” voltage and 
is often indicated on schematic diagrams as B++. Many receivers make 
considerable use of this higher voltage, using it to supply plate voltage for the 
vertical output tube, picture tube elements, and the horizontal oscillator tube. 
In this respect, failure of the boost circuit can cause television troubles that 
may at first be deceiving. For example, boost voltage failure or trouble in a 
receiver may cause loss of vertical deflection, or loss of horizontal synchroniza- 
tion. It could even cause a loss of high voltage by reducing the output from the 
horizontal oscillator. When applied to the picture tube, low boost voltage 


could cause a loss of brightness or poor focusing. 
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Other Forms of Horizontal Output Circuits 


Some manufacturers prefer the autotransformer type of output system a 
which there is only one winding on the horizontal output transformer. As е 
plaiued іп a preceding section, a transformer need not have separate penan 
and secondary windings to perform step-up or step-down action. A poe 
winding tapped at the proper points can be designed to do the same job. та 
а system is illustrated below. Note that the connections аге very similar ac 
two-winding transformer and that a one- or two-turn coil is still used to рісі n 
filament voltage for the high-voltage rectifier. A circuit of this type provi 


Н d Е: А i at 
for damping, high-voltage output, and horizontal deflection, and is somewh 
more economical in construction. 


-——— ——————— Ó 
Horizontal Sweep System Using an Autotransformer 
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Most television receivers use autotransformers in the high-voltage defect 
System. Fundamentally, the onl 


er ! 
i utotransformer he 
troduces, as compared to th y real difference the a ity oft 


€ conventional transformer, is in the polarity 0 o. 

Por elements, In the diagram above, the cathode of the damper ^. the 

Sateen Pant High up on the transformer winding. This is oppo. ue [9 

the fact th Und in conventional transformers. The phase reversa 15 5. he 
act that the usual Primary-secondary phase inversion is missing 

autotransformer, ry phase inve 
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Solid-State Horizontal Output Circuits 


A popular solid-state horizontal output circuit uses a transistor as a horizontal 
output that shunts the deflection circuits as shown in the circuit below. The 
transistor operates sharply between cutoff and saturation, thus functioning as a 
switch to open and close the transistor circuit. 


To begin our analysis of the circuit, let's trace the current path through each 
parallel leg to B+. The transistor finds its de path to B+ through auto- 
transformer L4, while the boost B+ network sees a charge path from ground 
through Cl, C2, D2, and L4. The deflection network establishes its charge 
path from ground to B+ through L1, L2, C3, and L4. Since damper diode D1 
is reverse biased because its cathode faces B+, the diode is essentially an open 


path from ground to B+. 


DEFLECTION 
COIL 
ul 


As the transistor operates between cutoff and saturation, it periodically inter- 
rupts current through L4 and thus initiates flyback action in the high voltage 
circuit. A portion of the high voltage developed across L4 is tapped for use 
across the boost voltage circuit. When voltage across L4 swings positively, 
boost rectifier D2 conducts and allows capacitors C1 and C2 to charge and es- 
tablish the required value of B4- voltage. Since the voltage across L4 can swing 
dangerously negative to forward bias the collector-to-base junction of the 
ir ag damper diode 01 is connected across the diode to dampen negative 
voltages. 


As the transistor alternately swings from cutoff to saturation, the voltage 
across the deflection network causes current to alternately sweep through 
deflection coil L1. By varying the inductance of coil L2, we can change the 
amount of current through the network and thus change the size, or width, of 
horizontal sweep. 
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A television picture is transmitted with an aspect ratio (ratio of width to 
height) of 4:3. Unless this ratio is maintained in the receiver, all the objects in 
the televised scene will be uncomfortably distorted; figures will appear taller 
and thinner, or shorter and broader than they should be. As we saw in the dis- 
cussion of the vertical output system, there is a vertical height control which 
permits the service technician to fill the screen area in this direction. After the 
height of the picture is correctly set, the width of the picture must be adjusted. 
This adjustment is made by the width control or horizontal size control. 


One type of control, a variable coil in series with the horizontal deflection coil, 
was described on the previous page. In many receivers, the width control takes 
the form of a slug-adjusted coil connected across a part of the horizontal 
output transformer secondary winding. With the slug inserted all the way into 
the width coil, the inductance of this unit is high, its inductive reactance is 
large, and its loading effect is small. In this position the width coil removes 
very little sweep-frequency energy from the horizontal output transformer, 
and behaves more or less like an open circuit. Thus, picture width is maximum 
with the slug fully inserted in the coil. As the iron core is gradually removed, 
the shunting inductive reactance decreases and absorbs power so that less 
sweep power is fed to the deflection coils. This action reduces the picture 


width. 


Another popular method of width control is varying the screen grid resistanee 


of the horizontal output tube. This varies the screen grid voltage and thus the 
gain of the tube to control width. 


PICTURE WIDTH can be CONTROLLED by 


Screen Grid 
Potentiometer T 


TO 
paMPE 


DAMPER 
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The Horizontal Size or Width Control (cont'd) 


TY 


other Means of WIDTH CONTROL 


HORIZONTAL OUTPUT 


From Horizontal Oscillator 


Constructional Features of Horizontal Output Transformers 


Very high pulse voltages are present in output transformers. Therefore, the 
transformers must be designed to avoid high-voltage arcing and corona. Also, 
the transformer must be designed for a high Q to obtain high efficiency. These 
demands necessitate a completely different approach to the problem of 
construction. Let us examine the essential features of a typical transformer by 
tracing the fabrication, starting with the iron core. 


The Iron Core. This is the frame that supports the windings and provides the 
required rigidity. It may be made of ferrite, flaked iron, or thin laminations of 
high grade transformer steel. The air gap, an important part of the core, has 
the function of preventing magnetic saturation of the iron due to the direct 
current that flows in the primary winding. It will be recalled that the hori- 
zontal output stage current flows through a portion of the primary and that 
this current is quite high. Unless the magnetic flux path is broken by a gap, 
saturation would occur quickly and the transformer losses would rise to in- 
tolerable figures. 


Sweep Output Secondary. A fiber strip, encircling the top of the core, is used 
as the base upon which the sweep output secondary winding which feeds the 
yoke is wound. This coil carries the heavy yoke currents, hence must be wound 
with relatively thick wire. To obtain the necessary inductance with wire of this 
size, the sweep secondary must be wound over a great enough length of the 
core. Thus, it is the longest winding of the transformer. Its ends and any taps it 
may have are brought out to terminal lugs on Bakelite panels fastened to the 
core. 
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f insu- 
inding i i i d on several layers o 
i - This winding is of finer wire and is woun deci 
cde which cover the outside of the Dem eie Hee Ped 
i y itates the use of high- 
Я tages оп the primary leads necessit: е ponte 
МА a intended to prevent arcing. The primary winding is larg 


i in the 
in diameter than the sweep secondary but not as wide, as may be seen 
illustration. 


High-Voltage Winding. This is wound directly over the арта ке е 
flat, wide coil—a form of construction which encourages hig Gm e prar 
cated of very fine wire. The current it must carry is only aus e d boh. 
milliamperes so that heavy wire would be unnecessarily costly an 
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l. The Horizontal Sweep Cir- 
cuit. The sweep voltage is fed to the 
horizontal output tube which 
provides horizontal sweep power to 
the deflection coils. To match the 
impedance of the deflection coils to 
the horizontal output tube we make 
use of the horizontal output trans- 
former. A damper tube is inserted 
between the transformer and the 
deflection coils. 


The Horizontal Output Stoge PRESS Luci 


8. Two Types of Flyback Trans- 
former. Two types of horizontal 
output transformers have been 
widely used. The two-winding or 
isolation type flyback transformer 
was used mostly in the early days of 
television. In the autotransformer 
type flyback, there is just one con- 
tinuous winding, with taps for the 
high voltage rectifier, horizontal 
output tube, damper and horizontal 
deflection coils, and B+. 


4. Transistorized Horizontal Sweep 
Circuits. The horizontal sweep cir- 
cuits usually have one or more 
transistor stages between the os- 
cillator and output amplifier. These 
intermediate stages help to shape 
and amplify the horizontal pulses 
before they drive the horizontal 
output amplifier. 
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Block Diogram of HORIZONTAL SWEEP CIRCUIT 


2. The Horizontal Output Stage in- 
variably consists of a high-efficiency 
type of power or beam pentode, an 
output (flyback) transformer, and 
associated small components. The 
grid input to this stage consists of 
trapezoidal voltage pulses from the 
discharge circuit which follow the 
horizontal oscillator. 


Review 
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6. The Damping Circuit. As you 
examine the circuits, you note the 
following: the damper tube is a 
diode which is connected in parallel 
with the horizontal deflection coils 
L1 and L2. The capacitance of Cl is 
chosen so that its reactance at 15,- 
750 Hz is negligible. 


8. Solid-State Horizontal 


Output 
Circuits. A popular solid-state hori- 


zontal output system uses a tran- 


sistor output amplifier followed by 
damper and i 


5. The High-Voltage Power Sup- 
ply. The very high ac potential at 
the top of the flyback transformer 
must be rectified and filtered beore 
it can be applied to the secon 
anode of the picture tube. A high- 
voltage rectifier tube, filter — 
and filter capacitor are added to the 
previous circuit. 


High- Voltage бс 


The DAMPER TUBE ea 


7. The Horizontal Size or width 
Control. After the height of the Ls 
ture is correctly set, the width ме 
picture is adjusted with the wi ln 
control or horizontal size control. А 
many receivers the width conto 
takes the form of a slug-adjusto 
coil connected across a part of PE 
horizontal output transformer se 
ondary winding. 
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Volume 6.) 


Antihunt circuit, 4-96 
Automatic frequency control (AFC), 4-88 to 
4-91, 4-96 to 4-100 

antihunt circuit, 4-96 

horizontal, 4-88 to 4-91 

horizontal hold, 4-99 

phase detector, 4-89 to 4-91 

pulse-width, 4-97 to 4-98 

synchroguide, 4-97 to 4-98 
Autotransformer, 4-110, 4-111 


Base clamping, 4-26 
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pulse interval, 4-5 to 4-7 
vertical, 4-4 to 4-8, 4-16 to 4-19, 4-78 
Bee retrace, 4-78 to 4-79 
locking oscillator, 4-56 to 4-61, 4-70 to 4-71 
4-79, 4-102 | 
sawtooth output, 4-70 
syncing, 4-6] 
transistorized, 4-102 


waveforms, 4-58 to 
T 4-60 
Boost voltage, 4-117 


Cathode. 
оде sled multivibrator, 4-52 to 4-53, 
Clipper circui 
t, 4-: 
Control 25 to 4-28 


linearity, 4-68 to 4-69 


Control (continued ) 
size, 4-68 
vertical deflection signals, 4-3 
width, 4-120, 4-124 


Damping circuit, 4-113 to 4-116, 4-124 
resistors, 4-77 
Deflection coils 
vertical, 4-65, 4-79 
Differentiated output 
effects of input pulse shape on, 4-85, 4-103 
Differentiator, 4-81 to 4-86 
action of, 4-83 
defined, 4-83 
input and output voltages, 4-86 
location of, 4-103 
triggering action of, 4-87 
Diode clamper, 4-24' 


Equalizing pulse, 4-4, 4-12 to 4-17, 4-20 
function of, 4-4, 4-14, 4-20 


Flyback transformer, 4-110 to 4-111, 4-123 
high voltage, 4-110 
types of, 4-111 


Gated sync circuit, 4-35 
Grid clamping (see Clipper circuit) 


Horizontal AFC system 
block diagram, 4-89 
phase detector, 4-104 
pulse-width synchroguide, 4-97 
sync circuit action, 4-80 
syne pulses in, 4-20 
Horizontal synchronization 
automatic frequency control (AFC), 4-88 
to 4-90, 4-96 to 4-100 
discharge circuit, 4-106 
drive, 4-69 
line interval, 4-5 
linearity control, 4-68 
oscillator circuits, 4-90 
oscillators, transistor type, 4-101 to 4-102 
output circuits, 4-118 
solid state, 4-119, 4-124 
output stages, 4-107, 4-123 
transistorized, 4-109 
output transformers, 4-121 to 4-122 
phase detector, 4-89, 4-90 
retrace, 4-19, 4-107 to 4-108 
size control, 4-68 
Sweep circuit, 4-105, 4-109, 4-123 
horizontal, 4-109 
sweep oscillator, 4-88 
syne pulse, 4-10, 4-20 
trace times, 4-107 
width control, 4-120, 4-124 


Integrating action, 4-38, 4-55 
Integrating Circuit, 4-37 to 4.39 
Integrator 

definition, 4-37 

Pulse separation in, 4-37 


Multivibrator, 4-41 to 4.55 
amplitude in, 4-50 
cathode-coupled, 4-52 to 4-53, 4.9] 
electrical action in, 4-43 
frequency of waves in, 4-48 to 4-49 
output waveforms, 4.5] 
waveshapes in, 4-46 to 4-47 

frequency of, 4-48 


Noise cancellation, 4.35 to 4-36, 4-40, 4.54 
Bated sync circuii with, 4-35 
vertical, 4-40 
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Oscillator 
blocking, 4-56 to 4-58, 4-70 to 4-71, 4-77 
controls in, 4-57 
sawtooth output, 4-70 
waveforms in, 4-58 
horizontal, 4-90 to 4-91, 4-101 
circuits, 4-90 to 4-91 
transistor-type, 4-101 
vertical, 4-40, 4-61, 4-66, 4-80 
combined with vertical output, 4-66 
syncing, 4-61 
sweep, 4-80 
variations in output stages, 4-66 
Output system, vertical linearity control, 
4-79 


Phase detector, 4-89 to 4-95 
defined, 4-104 
Picture synchronization (see Synchro- 
nization) 
Power supply 
high voltage, 4-112 
low voltage, 4-117 
Pulse separation, 4-37 
Pulse shaping, 4-29 to 4-30 
sawtooth, 4-62 to 4-64 


RC time constant, 4-82 


defined, 4-103 
Retrace 
action, 4-5 


horizontal, 4-19, 4-107 to 4-108 79 
vertical, 4-8 to 4-9, 4-15, 4-20, 4-78 to 4- 
horizontal sync pulses during, 4-15 nt 
Review, 4-19, 4-20, 4-54, 4-55, 4-79, 4-109, 
104, 4-123, 4-124 


Sawtooth shaping, 4-62 to 4-64 19 
Serrations in vertical sync pulse, 4-10, 4- 
Sweep circuits, 4-1, 4-105 

horizontal, 4-105 
Sync amplifier 

transistorized with noise cancellation, 
Sync circuit 

action, 4-80, 4-103 
Synchroguide, 4-97 to 4-98 
Sync clipper, 4-21, 4-27 to 4-28 

clipper circuits, 4-25 to 4-26 


4-36 


4-128 


Index 


Syne clipper (continued) Sync pulse (continued) 


loss of de component in, 4-22 to 4-23 vertical, 4-4 to 4-11 
noise cancellation, 4-35 to 4-36, 4-54 serrations in, 4-17 to 4-19 
separator-amplifier outputs, 4-29, 4-54, Sync separator (see Sync clipper) 

4-80 Syne signals, processing of, 4-18 to 4-20 


Synchronization, 4-1 to 4-2, 4-18 to 4-19 
equalizing pulse, 4-12 to 4-14 
fundamentals of, 4-1 to 4-2 
horizontal, 4-10 to 4-15, 4-20, 4-80 


transistor-type, 4-31 to 4-34 
vacuum-type, 4-27 

Sync pulse 
horizontal, 4-15, 4-20 
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